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PREFACE

This report was prepared by the University of Dayton Research Institute (UDRI)
for the US Army Atmospheric Sciences Laboratory (ASL) for work performed
during the period of June 1982 to January 1983. The described work included

reviewing the meteorological literature for urban meteorological data that
resolves the urban effect on wind, temperature, humidity, and turbulence in '

the atmospheric boundary layer. In addition, a land use classification scheme
for linking the nature of the urban boundary to its effect on the boundary
layer was constructed. The scheme is discussed and results of the
classification given.

The contract technical officer for this work was Gary McWilliams of ASL. Work
performed at UDRI was under the administrative supervision of Nicholas A.
Engler and the technical supervision of James K. Luers. The author is
indebted to John Keller, Paul Huffman, and Chiu-wing Tsui of UDRI for
technical assistance. Nahla Abdelnour prepared the manuscript. The author
gratefully acknowledges the important contributions of all mentioned above.

The author also gratefully acknowledges the assistance and information from
the following people who helped to make this report possible.

R. P. Angle, J. Arnold, B. Atkinson, W. C. Bell, T. Blackburn, R. Bohm,

R. D. Bornstein, R. R. Braham, I. Brook, S. A. Changnon, J. F. Clarke, J.
Clemens, M. Colacino, G. Dettmer, G. Dettwiller, C. East, R. Ellefson, B.
Farmer, S. F. G. Farmer, V. Ford, K. D. Hage, F. G. Hannel, U Hogstrom, S.
Karlsson, H. E. Landberg, F. L. Ludwig, I. Maejima, J. McClaren, J. L.
McElroy, T. Myers, L. C. Nkemdirim, J. Novak, T. R. Oke, K. Olsen, R. Pierce,
E. Raschke, E. R. Reitar, K. Sakurai, F. A. Schiermeier, P. Schwerdtfeger, T.
Sekiguti, R. Taesler, M. Towers, P. D. Tyson, and N. K. Wagner.
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EXORDIUM

An urban effect upon the city climate has been known for some time. 1  Early
observers in the past century, such as Luke Howard in London, noted that urban
areas were often warmer than nearby rural areas; later this effect became
known as the heat island.2  The urban effect on the boundary layer is
considerably more complicated than simple temperature differences, however,
the full range of effects, especially in regard to diffusion and dispersion of
pollutants, continues to require better understanding.

Other effects include the urban heat plume, 3 enhanced turbulent diffusion,
increased precipitation,4 5 6 7 ,tardation of frontal passages, 8 and reduced
visibility. 9  The urban plume i Ives convection and advection of warmer
urban air downstream. The roug; urban boundary together with enhanced

1H. E. Landsberg, 1981, The Urban Climate, Academic Press, New York

2F. S. Duckworth and J. S. Sandberg, 1954, "The Effects of Cities upon

Horizontal and Vertical Temperature Gradients," Bull Am Meteorol Soc,
35(5): 198-207

3J. F. Clarke, 1969, "Nocturnal Urban Boundary Layer over Cincinnati, Ohio,"
Mon Wea Rev, 97:582-589

4S. A. Changnon, Jr, 1968, "The LaPorte Weather Anomaly: Fact or Fiction?"
Bull Am Meteorol Soc, 49:4-11

5S. A. Changnon, Jr, 1969, "Recent Studies of Urban Effects on Precipitation
in the United States," Bull Am Meteorol Soc, 50:411-421

6S. A. Changnon, Jr, 1979, "Rainfall Changes in Summer Caused by St. Louis,"

Science, 205:402-404

7 F. A. Huff and J. L. Vogel, 1978, "Urban Topographic and Diurnal Effects on
Rainfall in the St. Louis Region," J Appl Meteorol, 17:565-577

8T. Loose and R. D. Bornsteln, 1977, "Observations of Mesoscale Effects on
Frontal Movement Through an Urban Area," Mon Wea Rev, 105:563-571

9A. Hufty, 1970,"Les Conditions de Rayonnement en Ville, In Urban Climates,"
WMO Technical Note No 108, 65-69
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convection profoundly affects the mesoscale wind flow:' 11 and attendant
turbulence levels. 12  As a result, turbulent diffusion is very different in
urban areas than in rural areas. Interest in understanding and ameliorating
these effects is, thus, understandably great.

The difference between rural and urban observations can arise not only from
the effects of the urban boundary layer but also from the effects of complex
terrain.' For many cities, the urban effect may be masked by other effects
such as local winds and temperatures due to complex terrain or the sea
breeze. It is thus highly desirable to examine cities in which the urban
effect can be unambiguously ascribed as urban. Once the effect of the urban
boundary is well understood, the problem of unravelinq the combined urban and
complex terrain effects can be undertaken.

The literature of urban climatology is vast,1 3 14 15 ranging from numerous
observational studies of the heat island to ambitious attempts to model the
mesoscale flow effects of the urban boundary layer. Embedded within this
literature are several large well conceived observational proqrams designed to
resolve the full range of urban boundary layer effects. This report is
concerned with identifying these observation programs. Table 1 identifies the
cities that have been surveyed and the data collected.

While a large number of urban data bases were examined, there are few that
meet the specific goals of this study. These goals involvw the type of urban
area for which the measurements were made, as well as the number and duration
of measurements. For the purposes of this study, an urban area is a populated
area that causes an observable effect on the atmospheric boundary layer.

1oJ. K. Angell et al, 1973, "Urban Influence on a Strong Daytime Flow as

Determined from Tetroon Flights," J Appl Meteorol, 12:924-936

11D. 0. Lee, 1979, "The Influence of Atmospheric Stability and the Urban Heat
Island on Urban-Rural Wind Speed Differences," Atmos Environ, 13:1175-118n

12H. Melling and R. List, 1980, "Characteristics of Vertical Velocity

Fluctuations in a Convective Urban Boundary Layer," J Appl Meteorol,
19(10) :1184-1195

1H. E. Landsberg, 1981, The Urban Climate, Academic Press, New York

13T. J. Chandler, 1970, "Selected Bibliography on Urban Climate," WMO

Publication 276, TP 155

14T. R. Oke, 1974, "Review of Urban Climatology, 1968-1973," WMO Publication
Technical Note 134

15 T. R. Oke, 1979, "Review of Urban Climatology, 1973-1976," WMO Publication
Technical Note 169

...... - 1111 m .. ., • - . .: 4 8



TABLE I

MATA COLLECTED IN URBA11 OBSERVATIONAL PROGRAMS

Observation Program Sfc  V T RN Rad Vertical V T RH MH" Turb. niration Sites

St. Louis-RAPS I I K K x K K x 8/'4 - 5/77 25 stc., 4 UA

St. Louis-'etromex s z x x x K 1971 - 1975 26 sfc., 15 UA

New York APP x x x x 1964 - 1969 97 sfc., 2B UA

Uppsala, Sweden K i x X x x X x 1974 - 1978 7 sfc., 4 UA

Ec.monton. Alherta x s x x is x x 11/74 - 12/74 3 efc., 5 uA

Calqary, Alberta x K K I x K 9/74 - 6/75 28 stc., I UA

Las Vegas, Nevada i x x x 1975 - 1977 14 sfc., 2 UA
Columbus, Ohio x x i x 6/68 - 3/69 several UA

Oklahoma City, Ok. I I 9/71 - 1/71 I UA

Austin, Texas x x s 1972 2 UA

Johannesburg. S.A. Xx x x 1970 - 1972 3 sfc., 7 UA

Montreal, Quehec x i x x x x 1969 - 1970 3 etc., 14 UA

Fort Wayne, Indiana xx x Is 1964 - 1966 10 sic., 5 UA

Cincinnati, Ohio Kx x 5/67 - 2/68 tr.verses, several U

Christ church. N.Z. K K x I night, .97? 120 sic., 2 UA

Dayton, OhiO K x x x 1977 - 1978 8 sic., 2 UA

Vienna, Austria K x 1968 - preens 26 sfc.

Hamilton, Ont. Kx x 1965 - 1966 20n sfc., I UA

Denver, Colorado s K 12/64 - 4/65 20

Giessen, Germany s ---- 6

Dallas, Texas x K K 1967 sic. traverses

Denton, Texaa 2 1967 sic. traverses

San Jose, California X 1967 sfc. traverses

Minneapolis, MR . s s x 12/77 - 3/79 14 to 19 sic., I UA

Cheyenne. Wyoming X x 12/77 - 3/79 6 sfc.

Greeley, Colorado x K I x 12/77 - 3/79 7 s.., I UA

Louisville, Kentucky x K K x 7/56 - 12/56 5 sfc., 2 UA

Regina, Saskatchewan z s x x many years I sfc.

Saskatoon, Sask. x X i many years I sic.

Tampa, Florida x x 1931 -- 1967 2 sfc.

Johnstown, Pa i K x x x 7/64 - 2/66 1 sic., 3 UA

Freihurg, Germany x x x I I .... 2 sic., I UA

Los kngeles. Cal. x x i x x x recent years 35 sfc., 15 UA

Milwaukee, Wisconsir x K 1979 - 1980 4 sfc.

Paris, France x x x x many years 9 sfc.

Toronto, Ontario I x K several years 5 UA

Omaha, Nebraska x x x x NWS

Poona, India x traverse

Bombay, India x traverse

Plymouth, Pnqland x 4 days, 3/73 11 sfi.

Helsinki, Finland x 3 days, 2/73 traverses

Brisbane, Australia x x x x x x 3 sfc.. I I A

Portland, Maine x x x several years 2 sfc.

Kansas City. MO x 6/71 - 10/72 traverses

Albuquerque, N.M. K x x several years 4 sic.

San Francisco, Cal. x x x x i I K 1969 - 1982 32 sic., I UA

Cleveland, Ohio x x K K several years 2 sic.

South Bend, Indiana x x I x several years 1 sfc.

Rome, Italy x x x I i s several years le sfc., I UA

Cologne. Germany x K 6/78 - 6/00 3 UA

Mexico City, Mexico x i several years 30 sfc.

Halifax, ?ovea Scotia s K s several years I sic.

Sydney, nova Scotia K K K s several years I

Washington, n.C. x x x I x x I several years 250 sfc., I UA

Charlotte, N.C. I is x x several years I sfc.

Toledo, Ohio I x is several years 2 sic.

Chattanooga, Tenn. x K x I several years I sic.

Wichita, kansas K x s x several years I stc.

York, Pennsylvania x x x several years I sic.

Duluth, Minnesota x x x K several years 1 sic.

Seattle, Washington X several years 5 sfc.

Adelaide, Australia • x x several years 11 sic.

Tuscon, Ariiona I x x s several years I sic.

Nashville, Tennessee x K 9 x several years I sic.

Tallahassee, Florida x x K I several years 2 sfc.

Miami, Florida K I K x several years 2 sic.

Winnipen, Manitoha I I year I UA

Venice Italy K 2/73 - 4/73 3 sic.

Utrecht, The tleth. x I K x I Is 12/69 - 2/70 2 sic., 2 UA

Stuttgart, Germany s s several years I sic.

Tsukuba, Japan Is K 9 since 1977 1 iec.

Tokyo, Japan x s everal years 12 sfc., I UA

Naqano, Japan s 11/8-11/13 72 38
goide, Japan x s 11/4-11/12 69 206 sfc., I UA
Koide, Japanu Ks K 1962 8 sic.
Liege. Relgium Kee!6 sr C

London, Enqland X X K K K several years 5 sic., 4 UA

Chapel Hill, N.C. K auto traverse

Columbia, Maryland 9 K 1967 - 1975 8 sic.

Asahikavs, Japan I i 10 sic., '"

Note: f1A - Upper Air / MN - Mixing Height



PURPOSE OF THE SURVEY

As complete a survey as possible has been done on observational programs
dealing with the urban boundary layer. The scooe of the various programs
varies widely. Some programs have been primarily concerned with resolving the
low-level heat island under optimum conditions. Observations mainly consisted
of temperatures obtained during auto traverses of an urban area. Other pro-
grams have attempted to study the spatial and temporal development of the
urban boundary layer. A variety of devices including balloons, lidars,
radars, instrumented aircraft, towers, and tracer releases have been used.
The initial purpose of this survey is the identification of programs that
resolve the full urban boundary effect. The required measurement proqrams
should incorporate seasonal and diurnal variation, incorporate a large variety
of observations, and offer detailed spatial and temporal resolution. The
variety of observations includes surface measurements of wind, temperature,
relative humidity, cloud cover, and solar radiation. It also includes verti-
cal profiles of wind, temperature, relative humidity, and turbulence to an
altitude of at least 1000 m. Programs with large amounts of vertical
observations, especially from towers or balloons at several sites are the most
desirable.

Of additional importance is the condition and availability of the data. An
urban data base incorporating data from the most complete proqrams is
planned. Ease in the access of data is a strong criterion. Programs in which
the data has been or may be archived on magnetic tape should take
precedence. The most important criterion is whether or not the data is
available.

A land use study of urban areas of selected observational programs was also
done. The planned data base will incorporate both the meteorological observa-
tion and the land use classes of the area in which the observation was made.
The land use class is based on a consideration of the roughness and radiative
characteristics of the urban surface. Eventuall 'y it is hoped to attribute the
urban effect to the effects the various types of urban land use have on the
atmospheric boundary layer. As such, it will be possible to infer the meteo-
rological conditions within an urban area by knowing the conditions in the
surrounding countryside and the land use classification of the urban, area.

The following report consists of several sections. In the first section the
various urban meteorology study programs are described. From these proqrams
the Regional Air Pollution Study (RAPS) in St. Louis and the Uppsala Urban
Meteorological Project (UUMvP) were selected for initial incorporation into the
urban meteorological data base. Justification for this selection follows the
descriptions section. The land use was classified in both Uppsala and St.
Louis. Both the classification method and its implementation to Uppsala are
described in the section on land use classification.

10



URBAN METEOROLOGY OBSERVATION1 PROGRAMS

In this section, the various programs of observation of the urban boundary
layer are described. The section is segmented into three narts. In the first
part the largest and most complete programs are described. These programs are
distinguished chiefly by the vertical resolution of the collected data.
Incorporation of data from some of these programs into a data base would be
desirable. The second part includes programs in which little or no vertical
data was collected or where data has been collected for several unrelated
programs. Incorporation to the data base of data from these programs would be
either undesirable or present insuperable problems. In the final part, cities
having few urban meteorological observations are listed.

Larger Programs

Adelaide, Australia
Asahikawa, Japan
Austin, Texas
Calgary, Alberta
Christchurch, New Zealand
Cincinnati, Ohio
Columbus, Ohio
Edmonton, Alberta
Fort Wayne, Indiana
Hamilton, Ontario
Johannesburg, South Africa
Las Vegas, Nevada
Louisville, Kentucky
Montreal, Quebec
New York, New York
St. Louis, Missouri

RAP S
METROMEX (Metropolitan Meteorology Experiment)

Uppsala, Sweden

Adelaide, Australia

Adelaide (latitude 34056'S and longitude 138'35'E), the state capital of South
Australia with a population of 700,000, is situated with the greater part of
the city located on a coastal plain adjacent to the Mount Lofty Ranges.
Although these ranges present steep scarps to the Adelaide plains they are of
comparatively low altitude. Mount Lofty, the highest peak is 726 m above mean
sea level.

7=-



The urban boundary layer was studied at Adelaide using both fixed and
mobile observations. 16 17 Fixed observations of torrmeraturp and windspeed and
wind direction were obtained from a network of urban stations sited so as to
be representative of their locations. The temperature data were recorded on
Lambrecht thermo-hygrographs mounted in small Stevenson screens, whereas the
wind data were recorded on Lambrecht Woelfle anemometers mounted on 10-n
towers. These data are supplemented by Bureau of Meteoroiogy observations.

Vertical wind and temperature data was collected on a 47.5 m tower located
southeast of the central business district. The tower site is only a few
meters from Main South Road which crosses Adelaide from north to south.
Industry is confined to a narrow strip which is no wider than 500 m and
usually 50 to 150 m wide on either side of the road. The industrial buildings
are generally 10 to 15 m high. Beyond the industrial strip there is extensive
and uniform suburban development. Houses are about 10 m high surrounded by
gardens and trees.

Observations were made during 78 days in 1977 and 1978 and were made during
all seasons of the year. Instrumentation consisted of fast response sensors
for horizontal wind (vane mounted Gill anemometers), vertical wind (Gill
propeller anemometer), temperature (bead Thermistor STC-U23), and humidity
(infrared absorption hygrometer). In addition, the approximate surface tem-
perature was measured. Eight variables were recorded every 30 s on diqital
cassette tape. Raw data has been stored on magnetic tape generated on a DEC
SYSTEM 10 computer.

Temperature was also measured during city traverses using a perspex lagged
thermistor probe mounted on a vehicle. The probe had a time constant on thp
order of 1 min. This lagging produced a smooth record and reduced variations
caused by abrupt changes in the vehicle's speed due to traffic conditions. It
also overcame the problem of small scale horizontal variability. No
artificial aspirator was provided.

The temperature sensors were mounted in radiation shields and these were
positioned on a Mazda van. The van had provision for the measurement of both
wet and dry-bulb temperatures at two levels, but in this study only the upper
level sensors were used and both were maintained as dry-bulb sensors. Power
was supplied via a Honda generator mounted at the rear of the van and all
recording was carried out on a six-channel Rikadenki recorder mounted inside
the vehicle.

1 6 p. A. Coppin, 1979, "Turbulent Fluxes over a Uniform Urban Surface," PhD
Thesis, Research Report 31, The Flinders University of South Australia,
Adelaide, Australia

1 7 p. Schwerdtfeger and T. J. Lyons, 1976, "Wind Field Studies in an Urban
Environment," Urban Ecology, 2:93-107

12
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Throughout the traverses, the Mazda van always followed another vehicle carry-
ing a visibility meter. In this way the van mounted qenerator could have no
effect on the visibility meter and the front radiometer was not influenced by
the preceding vehicle because the two vehicles were separatod.

In order to eliminate, as far as possible, all effects except the general
features of the urban climate, traverses were only carried out on clear nights
with light geostrophic winds. In each case anticyclones were either passinq
over or had just passed over the Adelaide region. Relative humidity on each
of the nights was always less than 70 percent, which implied that the visibil-
ity readings would not be significantly affected by the growth of hygroscopic
particles.

Asahikawa, Japan

Asahikawa is located on the northern Japanese island of Hokkaido. It lies in
a valley surrounded by hills and mountains whose elevations ranqe upwards to
900 m. The highest hills are to the southwest. Being in a valley, the city
is subject to fog and pollution problems, especially during the cold season
months. The city has 350,000 inhabitants in an area of about 60 km2. It is
located at 43046 ' north latitude and 142022 ' east longitude.

Measurements of windspeed and wind direction have been taken 24 times18 a day
at five urban locations since 1975. The locations of the wind sites are
indicated in figure 1. Vertical profiles of wind and temperature were taken
by a low level radiosonde at locations 1 and 6 on the map. Auto traverses
were made to delineate the horizontal variation of surface temperature. Rural
measurements of temperature, wind, and sunshine duration have been made daily
since 1950 at five locations also shown on the map. Measurements were also
made at the Asahikawa Meteorological Observatory.

Austin, Texas

Observations were taken during the winter and summer of 1972.19 20 Instru-
ments were mounted on two towers, one at a suburban site and one at an urban
site in the center of the city. At the suburban site, observations were taken
in both the summer and winter, but only during the summer at the urban site.
Windspeed and wind direction, temperature, roughness parameter as a function
of mean direction deviation, intensity of turbulence as a function of mean
wind direction deviation, standard deviation of the horizontal wind direction,
and cloud cover were observed.

18 K. Sakurai, 1982, "Relation Between the Air Pollution and the Meteorological
Condition at Asahikawa," Journal of the Faculty of Science, Hokkaido
University Series VII, 6(l):115-125

19J. L. Wood, 1971, The Nocturnal Urban Heat Island in Austin, Texas. Atmos
Sciences Group, Report 28, University of Texas, Austin, TX

20j. Reschier Jr., 1973, Wind and Temperature Profiles in an Urhan Area.
Atmospheric Sciences Group, Report 33,-niverslty ofTexas, Austin, TX

13
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Windspeed, wind direction, and temperature were measured at 6, 10, 16, 27, and
44 m at both urban and suburban sites. Averaqes and standard deviations of
windspeed, wind direction, temperature, and intensity of turbulence were also
calculated. Data measured by wind and thermolinear instru"ents were taken
every 20 s, that is, three samples per minute.

Instruments

Wind set

Gill Microvane and 3-cup anemometer (R. M. Young Company, Traverse City,
Michigan)

Thermolinear Instruments

YSI Part #44202 thermistors (Yellow Springs Instrument Co., Yellow Springs, OH
45387)

Precision Instrument 6100 magnetic tape recorder.

Location:

Both the wind instruments and thermolinear instruments were located at 6, 16,
27, and 44 m at both the urban and suburban sites.

Specification:

The wind instruments used were Gill Microvane and 3-cup anemometers (R. M.
Young Company, Traverse City, Michigan). The vanes and anemometers were
calibrated prior to installation. The microvanes have a delay distance (50
percent recovery) of 3.1 ft and a damp~ening ratio of 0.44. The 3-cup
anemometers have a distance constant (63 percent recovery) of R.1 ft. The
threshold velocity was approximately 1.1 mph or 0.5 mps.

The thermolinear temperature measuring network consist' of YS! Part *44202
thermistors (Yellow Springs Instrument Co., Yellow Sprinqs, 'H 45387). The
absolute accuracy was tU.15°C and the time constant (b : ,rcent response) in
still air. The design range of temperature measurement was -5°C tn +4 'r .

AVAILABLE DATA AND ANALYSIS PROCEDURE

General Features

The data were gathered in the afternoon under neutral to unstable condi-
tions. The cloud cover was generally clear to iartly cloudy in ail cases.
Data were gathered for t following times at the indicated ,ites

15



41st and Speedway -- Site 1

Winter Sume r

21 Feb 72 1130-1530 CST 22 May 72 1200-1505 CDT

22 Feb 72 1155-1540 CST 26 Jun 72 1500-1700 CDT

1 Mar 72 1455-1620 CST 27 Jun 72 1500-1715 CDT

2 Mar 72 1103-1530 CST 20 June 72 1023-1450 CDT

4th and Nueces -- Site 2

Summer

1 Aug 72 1220-1510 CDT

No winter data 9 Aug 72 1240-1640 CDT

16 Aug 72 1335-1650 CDT

18 Aug 72 1250-1710 CDT

The wind directions generally encountered were from the east through south.
The particular dates and times chosen were dependent on the synoptic condi-
tions, and availability of personnel to monitor the equipment. When the
synoptic conditions indicated average windspeeds of over 2 mps at the 6-m
level, and when personnel were available, then the equipment van was sent to
record data. Convective shower conditions were avoided so that the wind data
recorded were not of the short-lived downdraft type. Also, equipment mainte-
nance and repair excluded a few days of measurement.

Data is available from:

Dr. Norman Wagner
College of Engineering
University of Texas
Austin, Texas
1-512-471 -3611

Calgary, Alberta

Calgary has a population of roughly 500,000 and occupies a land area of about
260 km2 at latitude 51°N and longitude 114°W. During the time frame from 1974
to 1978 a number of meteorological observations were carried out using surface
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stations, tower measurements, minisonde soundings, and automobile tran-
sects.

2 1 22

Temperature and relative humidity were recorded at 28 surface stations using
hygrothermographs that were intercalibrated and checked weekly. Windspeed was
measured at a height of 10 m from a downtown parking lot.

Vertical profiles were obtained from two towers at 50-m intervals to a heiqht
of 300 m. One of the towers used was the Bonnybrook tower located in Ogden
about 3 km southeast of the downtown area. The other tower used was part of
the Canadian Tower Network. These tower measurements were suonlemented by
over 100 minisonde soundings of temperature and wind velocity, helicopter
soundings, and accoustic soundings. The minisondes were launched at two
locations at the nominal times of 0700 and 1500 local standard time (LST).

In addition to the fixed station and vertical profile measurements, a large
number of mobile transects were made to obtain temperature and wind velocity
at a height of 10 m.

Data relevant to this program is on maqnetic tape, copies of which are avail-
able.

Dr. Lawrence C. Nkemdirlm
Department of Geography
The University of Calgary
Calgary, Alberta T2N 1N4

Christchurch, New Zealand

Christchurch is situated on the eastern margin of the Canterbury Plains. It
is an ideal site for the testing of an urban energy balance model since the
area is flat and the land use relatively uncomplicated.

Urban temperatures were collected in the early afternoon and eveninq at 120
sites on approximately 1-h car traverses of the Christchurch area. 2 3  All
temperatures were taken with whirling psychrometers at screen height and
standardized to 1400 and 2230 values. During the traverses urban and rural
tethered balloon data were collected and pilot balloons released.

2 1L. C. Nkemdirim, 1977, "Research in Urban Climatology at the University of

Calgary," extract from Climatological Bulletin 22:1q-?3, McGill University,
Montreal, Canada

2 2L. C. Nkemdirim and P. Truch, 1978, "Variability of Temperature Fields in
Calgary, Alberta," Atmos Environ, 12:809-822

2 3N. J. Tapper et al, 1981, "Modeling the Winter Urban Heat Island over

Christchurch, New Zealand," Appl Meteorol, 20:365-376
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Land use for each of 250 1 km2 grid squares was dletermined prom aerial photo-
graphs. There were 12 land use categories and for each, valuos of surface
roughness, heat capacity, albedo, thermal conductivity of the substrate, and
evaporating fraction were assigned. Transmissivities werp then used for
assigning to each square a specific transmissivity to account for attenuation
of solar radiation by air pollution. Initial substrate soil temeratures were
held constant and the values of thermal conductivity and heat capacity were
assumed constant with depth.

Urban boundary layer lapse rates and wind profiles were measured usinq modi-
fied radiosonde equipment flown on a tethered balloon and using pilot bal-
loons. Data is limited to one observation day.

Cincinnati, Ohio

Thirteen field investigations of the nocturnal temerature and wind structure
of the urban boundary layer were conducted in the Cincinnati, Ohio area
between 23 May 1967 and 6 February 1968.

3

The field investigations were conducted just before sunrise alonq a path
paralleling the airflow in the lower layers. They consisted of vertical
temperature profiles measured at several sites with a helicopter, vertical
profiles of the horizontal wind by single theodolite pilot balloon ascents,
and temperatures near the surface obtained by means of automobile traverses
across the city. The data is not available on magnetic tape.

Columbus, Ohio

Columbus, Ohio in 1968 had a population in excess of 580,000 while the metro-
politan area had a population in excess of 865,000.

The Columbus experimental program was conducted in June 1968, September 1968.
and March 1969. There were four measuring periods in September 1968 and five
during March 1969. During the experimental periods, measurements commenced
just before sunset and continued until sunrise with a break at 0100 to 0400
LST. Details of the data collection are from McElroy.

24

"l) Vertical profiles of dry- and (usually) wet-bulb temperature were

obtained by telethermometers which consisted of thermistors in Wheatstone
bridge circuits and were of in-house design and construction. The ther-
mistor probes were housed midway in a radiation shield consisting of two
concentric aluminum tubes separated by styrofoam insulation. The nrobes
were mounted on a skid of the helicopter, and samplinq was conducted at a
forward speed of 20 to 30 m/s to minimize the effect of air movemnnt

3J. F. Clarke, 1969, "Nocturnal Urban Boundary Layer over Cincinnati, Ohio,"
Mon Wea Rev, 97:582-589

24j. L. McElroy, 1971, "An Experimental and Numerical Investigation of the
Nocturnal Heat Island over Columbus, Ohio," unpublished PhD Thesis, The
Pennsylvania State University, Pittsburgh, PA
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induced by the rotor. Temperature to the nearest ').10 P was recorded
manually after a level traverse of about 13 s at each selected altitude
and location to allow for lag in the responsp of the -h',r-istors, the time
constant is roughly 4 s, and the absolute accuracy o tne instrument is
0.50F.

"Helicopter flights across the metropolitan area originated at 2-h

intervals and lasted between 45 and 80 min. The flights were conducted as
closely as possible along a path in line with the mean wind direction in
the lowest 50 to 100 m. During the flights, ascents were made at four to
eiqht locations across Columbus in well-liqhted, relatively open spaces
free from power lines and other significant obstructions. Data were
normally obtained at 30-m intervals at elevations beginnina at 15 to 45 m
and ending at 300 to 600 m above ground during ascents.

"2) Temperatures near the surface were obtained during continuous auto-
mobile traverses across the metropolitan area. The "primary" automobile
travelled along the same path as and concurrently with the helicopter.
The other usually traveled at approximately right angles to the mean wind
direction in the lowest 50 to 100 m: it also furnished measurements at
special locations and served as a back-up for the primary automobile.

"The telethermometer mounted on the primary automobile was similar to
the one used on the helicopter. That telethermometer -ised with the other
automobile was manufactured by the Yellow Springs Instrument Company; it
has a time constant of roughly 2 s and an absolute accuracy of 1 .2°F, and
was read manually to the nearest 0.50F. On each vehicle the thermistor
was housed in a radiation shield (similar to the one previously described)
that was attached 1.1 m above and 0.2 m forward of the front bumper;
sensor height was about 1.5 m above the ground. Ventilation was provided
by the forward motion of the automobile; measurements were taken at speeds
of 15 to 30 m/s and away from traffic congestion on freeways or maior
thoroughfares. Fans were attached to the radiation shield to furnish
ventilation when vehicles were not in motion so that the instruments could
be compared with each other, with the telethermometer on the helicopter,
and with a standard mercury-in-glass thermometer. The instruments werp
compared in this manner before and after each experimental period and at
other times when it was deemed necessary.

"3) Theodolite observations of winds to between 600 and 900 m ahove the
surface were obtained at several locations across the metropolitan area.
In September balloons were launched at upwind rural and near-downtown
locations, and were tracked by a single theodolite. In March balloons
were launched from upwind rural, near-downtown, and downwind rural sites,
and were tracked by two theodolites. Three to five balloons per 2-h
intervals were released at each site. Theodolite rpadings to the naarest
0.10F of azimuth and elevation were obtained at 20-s intervals. Balloon
ascent rates usually ranged between 100 and 140 m/min. The near-downtown
site was in a relatively open section but necessitated the use of base-
lines only 120 to 190 m in length for the double-theodolite ascents; in
the rural environs, baselines were normally in excess of 300 m.

"4) Measurements of surface ("skin") temperature were made with a Rarnes
radiation thermometer. Radiation from an emitting surface between the
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wavelengths of 9 and 13 w was detected by a thermistr,, holometer; in this
band the atmosphere is nearly transparent to infrared radiation. Immedi-
ately prior to use, the instrument was calibrated with a st3ndard mercury-
in-glass thermometer over an agitated water surface it tcmveratures from
O°C to 30 0C. The detector was mounted above a small hole in the belly of

a fixed-wing aircraft. The aircraft was flown on a spoke-wheel pattern
consisting of 22.5 degree arcs over the metropolitan area. The flight
altitude was 600 m above ground in accordance with local Federal Aviation
Agency (FAA) regulations. The aircraft was flown for 2 h prior to mid-
night and for 2 h prior to sunrise. Supplementary positioning and vec-
toring information was provided by the FAA radar operators. Finally, data
were recorded on an analog chart, the observer on board the aircraft noted
time-location data on this chart using information obtained from FAA radar
personnel, the aircraft pilot, and visual observations.

"5) Measurements of turbulent wind fluctuations were obtained with
bidirectional vanes located on masts 10 m above building roofs in the
downtown area. Climet bivanes were, respectively, situated on masts above
the roofs of 6- and 25-story buildings. The data were recorded on analog
equipment. Special high speed runs of 15 min in duration were accom-plished at 2-h intervals. Chart speed was 12 in/min during the special
runs and 12 in/h at all other times. These data were not analyzed.

"6) One meteorological tracer experiment was conducteJ during the March
series to obtain quantitative information on the height and rate of qvowth
of the nocturnal urban boundary layer, on the relation between the thermal
and pollution boundary layers, and on the urban heat plume. Sulphur
hexafluoride (SF6 ), an inert halide with an undetectable natural hack-
ground, was released at a constant rate over a 1-h period. The dissemi-
nation was from a 1.5 m high source in the upwind residential area.
Measurements of total dosage were made at preselected locations at near-
ground level and on building roofs. Measurements of crosswind integrated
concentration were obtained during helicopter traverses throuqh the tracer
plume at selected elevations at several downwind distances. The samples
were collected in teflon bags and later analyzed by methods of gas chro-
matography.

"7) Grab samples of ambient air were obtained in l-qt evacuated cylinders
on several occasions during the September series by the crews of the
primary automobile and the helicopter. Samples were analyzed later for
carbon monoxide (CO) and methane (CH) content quantitatively by methods
of gas chromatography. The underlying reason for this sampling was b,)si-
cally the same as for the meteorological tracer experiment.

"B) During the March series, tetroons were launched upwind of the uran
area and tracked continuously until they were well downwind of the city by
radar operated by the National Oceanic Atmospheric Administration (NOAA)
personnel from Silver Spring, Maryland. Data concerning turbulent and
mean properties of the airflow obtained from these tetroon trajectories
were analyzed by these same investigators."

Data is in the form of strip charts in John Clarke's office at Research
Triangle Park, North Carolina.
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Dr. John Clarke
Meteorology and Assessment Division
Environmental Sciences Research Lahoratory
Environmental Protection Agency
Research Triangle Park,
North Carolina
1 -919-541-3796

Edmonton, Alberta

Edmonton is a city of about one-half million people located on the North
Saskatchewan river. The surrounding topography is generally flat except for
the steep and narrow river valley which runs through Edmonton in a southwest-
northeast direction. The city is located on the Alberta plains well away from
the Canadian Rockies.

A rather interesting study of the nocturnal urban boundary layer was done in
Edmonton in November and December 1974.25 The 3 wk field study took olace in
synoptic conditions normal for the season except that no significant snow
cover was present. The observation systems consisted of two mobile mini-
sondes, a helicopter, and two instrumented towers.

The minisondes are pilot balloons carrying aloft a microbead thermistor with a
time constant of 1.5 s and an accuracy of 0.2°C. Thp balloon was tracked by
the double theodolite method. The minisonde ascents were comparative' one
sonde was always launched near the city center, while the other was launched
at an upwind rural site. Launch times were either shortly beforo sunrise or
shortly after sunset.

A helicopter instrumented with a Sign-X temperature unit was makinq conjunc-
tive measurements. The temperature unit consisted of a shielded thermistor
with a response time of 45 s and an accuracy of 0.2°C. The helicopter
altitude was obtained from a pressure transducer to an accuracy of 5 m.
Helicopter soundings extended along the line between the upwind minisonde
sounding through the city center all the way to the downwind side of the
city. These soundings give a good view of the urban effect upon the nocturnal
boundary layer.

The two towers--one rural and one urban--were instrumented exactly alike for
continuous measurement. In both cases temperatures were measured at 10, 47.5,
and 91.5 m. The 10- and 91.5-m temperatures were takan hy Rosemount platinum
resistance thermometers in aspirated radiation shields. At both towers wind
was measured at 91.5 m by standard Atmospheric Environment anemometers.

25 R. P. Angle and J. E. Torneby, 1975, "The Coordination of a Joint Air

Pollution Field Study in Edmonton, Alberta," presented at the IQ75 Annual
Meeting of PNWIS-APCA, Vancouver, BC
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Another study 2 6 between 1968 and 1971 involved the placempnt of seven thermo-
graphs around Edmonton. The thermographs were shielded aol ,laced at 1.5 m
above ground. Calibration was good, however, the shie linn was inadequate
during strong sunshine. Vertical tenerature was measured on 'ooms at 17 and
112 m on the Canadian National Tower in downtown Edmontcr,. Measurement was
via shielded aspirated electrical resistance thermometers.

Regular Atmospheric Environment Service stations exist at the three Edmonton
airports. One airport is located within Edmonton, one just north of the city,
and the International airport is located 10 mi to the south. At all three
airports all desired measurements except turbulent diffusion coefficients are
taken hourly. This data is available on magnetic tape from the Atmospheric
Environment Service, Toronto. Radiosonde observations are made approximately
50 km west of Edmonton where net radiation is also observed. The radiosonde
is launched twice daily at the standard times.

A micrometeorological study of winds and temperatures within the North
Saskatchewan river was recently done.

27

R. P. Anqle
Alberta Environment
Edmonton, Alberta

Fort Wayne, Indiana

Fort Wayne is surrounded by flat farm land. The city is a'out 11 kn from
north to south and 9.7 km from east to west. The population is about l90,00).

During the summer of 1964 and the winter of 1965 to 1966 an investigation of
the air flow in and aroiind Fort Wayne was carried out.2  The investigation,
which involved the diffusion of aerosols released from aerial line sources
upwind of the urban area, was performed during 21 senarate nxperimintal
periods. During these experimental periods, meteorological measurpments were
made at 10 surface locations in and around the city, from two towers, and from
balloons and aircraft. The tests were conducted at night when the boundary
layer was stable or neutral.

Meteorological data at the surface sites consisted of wind m.racurempnts at
9.1 m and temperature measurements at 1.5 m. Four of the surface stations

26 K. D. Hage, 1977, "Research in Urban Climatology at the 'Iniversitv of

Alberta," extract from C limatological -Bulletin-, 22:25-29, Mcqill ';niversity,

Montreal, Canada

27 R. 0. Paterson and K. D. Hage, 1979, "Micrometeoroloqical Study of an llrhan

Valley," Boundary Layer_Meteorology, 17:175-1R6

28 G. R. Hilst and N. E. Bowne, 1966, "A Study of the Diffusion of Aorosols

Released from Aerial Line Sources Upwind of an Urban Complex," Final ?rport,
Volume I under Contract DA-42-007-AMC-38R, US Army Dugwav Droving 'rotjnd,
Dugway, UT
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were equipped with Meteorology Research, Incr'orited, yectr vanes (model
1053). The other six surface stations . ',qui 

,  with Climet wind
equipment modified to provide the horizont.i" wind compnr n 'it. All surface
stations were equipped with Minco Theraiohm -nsing Pl,>w'nts (No 315-10B)
having a resistance of 100 ' at OC. The thnrmnohm elei'nents were contained in
Beckman and Whitley aspirated radiation shields (model N3270AA). Both the
wind and temperature data were continuously recorded on strip charts durinq
each experimental period.

Temperature and wind data were also obtained from two towers. The WANE tele-
vision tower had wind and temperature sensors at 12.2, 30.5, 61, 91, and
213 m. A General Telephone relay tower had sensors at 15.2, ?2.0, 30.5, 47.2,
and 53 m. The temperature and wind sensors were the same as those jsed at the
surface sites. Vector Vanes were located at 12.2, 61, and 213 m on the TV
tower and at 15.2, 30.5, and 57 m on the relay tower. Climet wind equipment
was located at 30.5 and 91 m on the TV tower and at 22.0 and 47.2 - on the
relay tower. Temperature and Climet wind data were recorded on stri n charts
while the Vector Vane data was written on analog magnetic tape.

The Climet wind equipment used at the surface and tower sites had a threshold
sensitivity of 0.75 mi/h with a ranqe of 90 mi/h. The accuracy is I percent
in speed and three degrees in direction.

Aircraft meteorological measurements of temperature and tu.-bulence were car-
ried out using a Meteorology Research Incorporated universal turbulence
indicator and temperature probe. In addition, a Barnes Type A infrared ther-
mometer having a range of -40°F to +145°F and a sensitivity of 1.50 F was used
to monitor ground te-mperature. All data was recorded on strip charts.

Balloon measurements consisted of modified radiosondes to I0)w)0 ft launched
fromn field headquarters on Washington Boulevard, wiresondes (to lO1 ) ft) and
pibals (to 3000 ft).

In addition to the meteoroloqical observations, fluorescent tracer inaterials
were released from aircraft upwind of the urban complex and monitored at a
large number of surface sites. Two types of tracer matri.Ils werfe used. One
contained a yellow pigment consisting of 1.32 X l1U, particles per graT with a
mean mass diameter of 3.3lum. The other contained a qr-en piqrent with 1.45 X
1010 particles per gram and a mean mass diarieter of 3.?jm. Vne release was
made during 1964 using the green piqment havinq 1.62 X 10() particles nor qram
and a 3.(9im mean mass diameter.

Three types of sampling equipment were used to determine tric-r concentrations
at the various surface locations. Gelman membrane filters wor- us-d at 2
sites. Ten such filter samples were taken sequentially at each site Over
30-min intervals. An eleventh filter was run at each sit, continjousl, durinq
the test period. Gelman paper tape air samplers were used at I') lonatinrs t,)
determine the arrival and departure times of the tracer moterials. These
samplers were programmed to step at 5-min intervals. In aalitinn t,. th-
filter and paper tape samplers, rotorod samplers having a nomin31 -implinq
rate of 41.3 1pm at 2400 rpm were used.

Exact locations of surface sampling sites, aircraft fliqht traioctnrie , and
balloon launch sites are available.
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Hamilton, Ontario

Hamilton, Ontario (43'N, 79'W) presents an oxtrine'1, cn, , tiation. !Inde
given synoptic conditions there are three interacting -1. 1 :li'natic con-
trols, each operating on different space and tine scales. These controls ar-
the topography, the urban surface, and the proximity o7 Lake 5ntario.

Hamilton is an industrial city with a ponulation o auproimately 3 iQjkJQ
covering an area of 111 km, at the western end of Lake Ontario. The city is
sharply divided by the Niagara Escarpment into +wo levels whose altitudes
differ by 100 m. The scarp face is indented with a number of ,leno vilfeys,
especially the south-west/north-east oriented Oundas Valley to th. npst. and
the north/south aligned valley of Redhill Creek to the Past of the city.

The city realily lends itself to a division into five maior lan-iso tyoPs.
There is a sector of heavy industry concentrated alonq the southern shore oF

Hamilton harbour. The major steel plants are located hera, togpth,,r with a
number of associated industries. The central husiness district of Hanilton i;
located towards the western end of the coastal nlain. The remining lower
level of the city contains commercial and residential areas. The upoer level
of the city is primarily residential.

Air temperature data2 q were gathered by means of traverse- conducted simul-
taneously by six automobiles, each equipped with a Assman DsYihrorter.
During i '-h period each automobile stopped at approximately 30 locations,. t
each location an observer took readings at a heiqht of I m rver a
representative site well away from the car. During 1965 and 1966, 21) such
surveys were conducted under different synoptic conditions.

Standard meteorological data were taken by the Meteoroloqical r~rinch of the

Department of Transport at the Royal Botanical Gardens, and the Oamilt-,n

Municipal Laboratories. Winds and temperatures were also measurod it tw
levels on a 200-ft tower. The standard data is availal,, on uene ta
frou the Atmospheric Environment Service.

Johannesburg, Republic of South Africa

Southern Africa's largest city lies astride a 'idq it f, t
altitude. During the period of urban observations, )q'2 to 7,?, 'ohanoe-.o;ur
had a population of 1,432,634 (1970) with a nmtrooolitan po.ulati,, o' t, -
than ?,00o,000. Johannesburg is located at 26S and ?0'[.

2 9T. R. Oke and F. G. Hannell, 1970, "The form of the 1rhan Heat Island iI

Hamilton, Canada, in Urban Climates, WMO Technicai Notes 12O:l'3-12f
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During the Johannesbu.rg Urban Meteorology Studv - yeasjir-ents were made at
two urban tower locations astride the -,Jitwarsrand in addition to five
regular temperature sites at which a helicoutr descer,,!! frn 1000 m to as
near the ground as possible. These site. -re reprr-...titive of urban,
suburban, and rural land use. For each helicot)t-r ascont *here are 90 to 120
discrete temperature values. Care was taken to reduce any helicopter effects
on the temperature profile by descending/ascendinq in a spiral manner. The
helicopter had a Rustrade model 2133 strip chart recorder with an accuracy of
2 percent over its total span of 40°C.

Wind and temperature data was taken at the 50, 100, 150, and ?00 m levels on
both towers. In addition, the synoptic rawinsonde balloon is launched twice
daily at nearby Irene (40 km northeast).

A surface network of three stations for wind and temperature 4s separately
archived from the helicopter and tower profile data. cinally an acoustic
sounder was in operation at the University of the Witwatersrand.

Professor P. D. Tyson
University of the Witwatersrand
Johannesburg, South Africa
011-27-11-7163966

Las Vegas, Nevada

Urban meteorology data was collected as part of a special air quality study in
the Las Vegas valley during winter 1975 to 1976, summer 1976, and sumrmer
1977. Measurements of surface wind and temperature* were made at 31
locations. The surface observations were made at both rural and urban sites.

Pibals and tethered balloon temperature measurements were made on about 3D
special occasions. The special occasions are about equally divided hetwe n
the three observing periods mentioned above. The balloon observations were
generally made at one site that was well away from the central city. Tn a
limited number of cases, the pibal and tethered balloon were at different
locations. Wind was derived either via the nibal or via a maqnetic technique
using the tethered balloon.

3 0 p. 0. Tyson, W. J. F. DuToit, and P. F. Fuggle, 1172, "Terneraturo Structuro
Above Cities: Review and Preliminary Findings from the ,'ohannesburq 'Drhan
Heat Island Project," Atmos Environ, 6:533-542

3 1R. G. Van Gogh and P. D. Tyson, 1q77, "Aspects of '4intertime 'l9psnral-
Temperature Structure over Johannesburg," Occasional Oaper 17, 0 (oartment of
Geography and Environmental Studies, University of thp Wi twatersrand,
Johannesburg, South Africa

*J. F. McElroy, 1982, personal communication
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The balloon observations were made hourly from ;,is. *' tne hour of ozone
maximum. Since ozone maximum occurred betw.--q li--orn" ' mid-afternoon,
the duration of the data is highly varia:'' =- Thp k . we launched
downwind from Las Vegas.

Unfortunately most of the data resides on casette t, -s. An estimatpd 11'
percent is available on magnetic tape, and it has tet n ,,i for case tjdies.

Dr. James 'icElroy
Environmental Monitoring Systems Laboratory
PO Box 15027
Las Vegas, Nevada 29114
702-798-2100

Louisville, Kentucky

Between July 2 and December 21, 1956, a surface and tower network was or'-at-
ing in Louisville, Kentucky. 3 2  The data consists of hour averages. The
surface network consisted of five stations measurinq windspeed, 4ind
direction, relative humidity, dewpoint, and temperature. At three of these
stations, the winds were measured atop 55 ft towers with Beckman and ','hitlpv
k-100A wind system transmitters. Two other tower wind measuremen t s were
done. One was at the 96 ft level on an open fra-'ework tower atoo a
building. An Instruments Corporation Anemograph Model ,-3 9 wind systpr was
mounted there. The other was a Bendix-Frieze aerovane at 52- ft nount-d on 3
television tower. In addition, measurements were made at the W-athpr Oureau
Airport Station.

Radiation measurements were made hourly on a pyranometer to the nearest 0.1
langley/minute. Temperature measurements were accurate to +Q. .5-- while
humidity was accurate to +I percent. The data is not archived.

Montreal, Quebec

Montreal has a population of slightly over one million with a i-et'ooolitan
area population in excess of two million. It is located at a latitude of 46N
and a longitude of about 74°W. Meteorological measurements were carried out
during 1969 and 1970 at three fixed surface sites, from helicopters, towers,
and automobiles.3 3 * Fixed site and helicopter observations were made on .90
days, usually during a 2-h period shortly after sunrise. On ten days,
observations were also made in the early afternoon. Automohile traverss were
carried out on only four or five days. Data was primarily collected Auri nq
winter but some collection was done for all seasons.

3 2 F. Pooler Jr., 1963, "Airflow Over a City in Terrain of Mioderate Relief," J
Appl 'leteorol, 2:446-456

3 3 T. R. Oke and C. East, 1971, "The Ilrban Roundary Layer in '1ontreal,"
Boundary-Layer Meteorol, 1:411-437

*C. East, 1982, personal communication
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Surface measurements of temperature, wind velocity, r-lative humidity,
dewpoint, and cloud cover were conducted at Dorval InternatiTnal Airport about
14 km southwest of the downtown area. Temperature and wind velocity were also
observed from towers located at Mount Royal (317 m above mean sea level) just
west of the downtown area and at the Botanical Gardpns (6 m and 60 m above the
surface) located about 7 km north of the downtown area. Tower data was
reported hourly.

Helicopter temperature soundings were carried out 12 times a day to a height
of 900 m using a shielded thermistor having a reported accuracy of 0.2°C and a
response time of 0.5 s. Concentration profiles of S02 were also obtained by
the helicopter.

Three automobiles were equipped to record temperatures at a height of 1.5 m
using aspirated shielded thermistors. These thermistors are reported to have
all the same performance characteristics as the one used on the helicopter.
Additional spot temperatures were obtained by three other automobile teams
using Assmann aspirated psychrometers.

Data for this project are available in tabular form for wind measurements at
the three fixed locations and computer listings for the helicopter
soundings. Significant changes in land use have probably occurred since the
1969 to 1970 observational period. It should be possible, however, to
determine land use categorization at the time of the experiment.

Dr. Conrad East
Department of Physics
University of Quebec
Montreal, Quebec
1-514-282-3302

New York Ci ty, New York

The New York Air Pollution Project (NYAPP) ran from July 1964 throuqh
1969.34 35 36 A preliminary observation period covered the time span from
July 1964 through April 1965, while 12 test periods and 2 interim periods were
held between September 1965 and December 1966. More details on the twelve
test periods can be seen in table 2.

34B. Davidson, 1967, "A Summary of the New York Urban Air Pollution Dynamics
Research Program," Journal of the Air Pollution Control Association,
17(3) :154-1 58

35R. D. Bornstein, 1968, "Observations of the Urban Heat Island Effect in New

York City," Jppl Meteorol, 7:575-582

36 R. D. Bornstein et al, 1977, New York City Air Pollution Project of 1964-
1969, Volume I, Description of Data, EPA-600/4-77-035, Environmental

Protection Agency, Washington, DC
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New York City is one of the world's lamp,,t i.troponit , t , V ith a pooula-
tion of about 17,000,00 people over an i, u of about ,"i . The urban
effect in New York is complicated by the oills to the . V nd ncrth in New
Jersey and by the ocean to the east and south. New York iV, prirnrily located
on several islands so that its urban climate, is strongly influenced by the
ocean. In addition, the land use patterns in and around New York are quite
complicated with several central business districts. 'hile use of INYAPP data
is not desirable in a preliminary application for inferring urban meteo-
rological conditions, it may offer a good means for incorporating more CoMDli-
cated effects such as the sea breeze in later work.

The NYAPP was conducted primarily by New York University (NYU). Later, the
data was processed and is presently archived at the National Technical Infor-
mation Service (NTIS) in Springfield, Virginia. The experiment incorporates
extensive seasonal variation because of its duration and diurnal variation by
virtue of the various experimental times. Very extensive data networks were
in operation during the experiment.

An extensive anemometer network of 97 sites was in operation. Fourteen sites
were at airports, four at Air Force or Navy bases, ten at Coast Guard bases,
fifteen at utilities, twenty-nine at public agencies and institutions, and
eleven at sites administered by NYU. The wind data consists of hourly aver-
ages except the airport, military, and Coast Guard data are standard hourly
observations. The locations of the anemometer network are included in fiqure
2 and table 3.

Temperature, relative humidity or dewpoint, and cloud cover surface observa-
tions are available only at the New York area stations whose data are archived
at the National Climatic Center (NCC). This data is ivailahle hourly for
airport, military, and Coast Guard stations.

The upper air network for NYAPP was very extensive. The various measuring
systems included pibals, helicopter soundings, fixed wing aircraft, and the
National Weather Service (NWS) rawinsonde at John F. Kennedy (JFK) Interna-
tional Airport. The pibal launch sites are shown in figure 3. During the
NYAPP, a total of 2418 pibal wind observations were made. The location of
helicopter sounding sites is shown in figure 4; a total of 960 were made.
Generally, the helicopter flight path was dependent upon a mi ssion
objective. Twelve soundings were made during each flight, and three flights
were made per day; at sunrise, midday, and sundown.

A Brantly B2 helicopter and a Piper PA-12 light plane were used for
soundings. On missions requiring a larger helicopter, a Bell 47" helicopter
was used. On flights during 1964 and I965, temperature and wet-hiilb depres-
sion were measured. In 1966 wet-bulb observations were qenerally not taken.

The temperature sensor consisted of a semiconductor head. The output of the
head was a linear function of temperature and had a time constant of approxi-
mately 0.2 s. The overall temperature measuring system consisting of sensor,
amplifier, and recorder, had a relative accuracy of 0.?2C and an absolute
accuracy of 0.50 C. The wet-bulb depression sensor consisted of a double
thermocouple. Each thermocouple had 30 thermofunctions, and I thermocouple
was fed with distilled water. The time constant of the wet-bulb depression
sensor was 0.1 to 0.2 s, and its accuracy was 0.2°C.
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TABLE

ALPHABETICAL LISTING OF SURFACE ANEMOMETF: 1,7 Ap AP :'. '; 8-

CODE LAT. .Il "AW A 4 "
7
T-

LETERS STAT ION NAME (D M 3, - AR,___ P__

AE Albert Einstein ',Ch. 4n 3I In t' 4,
AG Astoria Cenerator 40 4" '> ' ' 4 4

AL Allenhur% 41) 1 c, A

AS Ambrose Liqnt Ship 4n 27 ?0 ' - -

BA Bayonne 40 41 '4
BB Bl I ss Rldq., NY" 40 ,1 41) ' '3 4' " 7
RDR Bridqeoort Airport 41 10
BG Bergen Generator 40 50 2' 74 11 4 ' ':"
SO Bound Brook 40 33 30 74 Ir i0
BR Bayway Refiner' 40 IS 40 14 1 _ 0 A '1
BT Yonkers 40 58 '3 53
BU Buchanan 41 1S 10 ' 57 In A
CA Calriwell Airport 40 52 35 '4 1. -'. "
CC Cos Cob 41 01 48 7' 3 54 A
CE Chester 40 48 74 42
CH Christadora House 40 43 30 738 5. 4
CL Crawford Hill 40 23 74 11 9 F
CNi Grumman Aircraft 40 55 12 4' W
CP Central Park 40 46 45 73 '18 10 0 0! j
CR Perth Amboy 40 32 5 14 15 42 A
CW Commonwelth Water 40 15 74 21 11

CY City College of N.Y. 40 4q 15 72 5' A r
0A Con. Edison 40 38 40 74 16 47 'I
EN Eatons Neck 40 52 0" 71 23 1' Orp
ER Execution Rocks 40 52 40 "3 44 (1 r)
ENR Newark Airport 40 31 (0 74 19 3n3
FH Port Hamilton 40 36 '4 II
FI Fire Island 40 37 01, !1 1' .
FK Palkners Island 41 12 13 7 39 02
FM Fort Monmouth 40 i 74 04 '3
FOK Suffolk 40 50 '2 40 V
FV Fairview 40 49 '4 n
GB Bathpaqe 40 44 73 29 3-
GK Great Kills 40 32 4S '74 01 2r P
GR Glenrock School 40 57 28 74 07 29 H
HE Stamford 41 02 26 71 23 3'
HG Hudson Generator 40 44 41 74 04 24 I '
HI Merrick 40 38 59 73 33 43
HL Hoffman Laroche 40 49 4A 74 O3 40 A
HP Pier 68 Heliport 40 45 15 74 00 30 n .
HPN White Plains Airport 41 04 73 44
HR West Hempstead 40 42 7? 113 .' .Pir
HVN !Iew Haven Airport 41 16 72 1, 3
IR Plainshoro 40 20 4- 74 14 '0
IS Westwood 40 59 '4 on 54 C
ISP 1s3iP Airport 40 43 O f,
IT Nutl-v 40 41) I> '4 1)R3
JF K JFK intn'l. Airport 40 33 H 0, '- A') 4'
KP Kings Point Academy 40 4P 30 '4 4, P
LA Linden Airport 40 3 '4 14
LR lono Branch 40 In '1 7,
LGA La Iuardia Airport 41 46 ', ' 2'
LGA La Cuardi, Airport 41h 4A 31 '3 3. 12
LH Laural itlls 40 44 12 7 33 4,
LL Lonq Is. Linhtinq 40 43 48 7 3 10 4P
Lo Lamont Tower 40 5' 3n '3 53 " A
LU Latouratte 40 14 31 '4 O! 35
LV Lehigh Valley 403 44 30 '3 34 2-'
MA Fort Miller 4n 34 O '4 1 4R,
MC Medic3l Center 4n 50 23 '3 3f, wn 1
ML Mineola 40 44 In 7" '0 1 0 r.
MO -oriches 04 4' 02 72 43 If,
MP "orristnwn Airport 40 41 50 74 03;
MT -orriqtown 40 46 4', -4 2' n , h
7iEL Lakehurst 40 10 74
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TABLE 3 ICONTI-4iEn,

0 DI LAT. I/)0C. OATA ) TR 'ICTil n

LETTERS STATTON N4AMF 3D M S) I D - . , TY-f ARC PRCHLEc,'

NL Nation Lead 40 29 50 74 14 15 A
14A New Rochelle 40 54 '3 4-)
.IS Totenville 40 32 74 14 A

o'SC Floyd Bennett 40 35 '3 '

08 Oyster Bay 40 46 15 13 28 40 t.
OC 'ceans ide 40 37 1( 73 3,1 .'
PD Phelps rodqe 40 38 05 74 12 V' 6

PH Pelham Manor 40 53 55 73 49 3 f
PP Palisades Park 40 49 45 73 'j In
PA Republic Aviation 40 44 73 25 r0

Rb NYU Research No. 4 40 48 35 74 ni 45
R7 Rockawav 40 33 02 73 5b 0? 2 IC

RP Roselle Park 40 39 '4 1. 61

RU Rurqers Univ. 40 30 74 27 H
SR Sheraton Bldq. 40 42 15 74 01 10,
SH Sandy Hook 40 29 01 74 01 .
SM Stamford 41 08 '3 Ill

ST Stratford 1hoals 40 03 04 73 "5 ( '1

SL "aritime nolleqe 40 48 2n '3 4' 4.'
TS 13Y Telephone rn. 40 42 ,0 '4 l( 4( 4

TFR Tetprhorn kirport 4n 46 74 ') 51 •

TN Totawe Wayne Airort 4
r
l ,4 35 74 14 ,4

I'% '7.. 14e taI 40 3,5S 14 '4 Ic
V- Memoria! q-hool 40 40 I ' 1 4 1 0(
WF West End 40 46 175 1' ,, 75
WE Whitehall Frry 40 42 74 1r 41 H 'IF"

P Westchest'r 41 n4 45 73 48 2f1 :A

.49 McGuire 40 00 40 74 3 40 l

1,; Wall Street 4n 42 1. '4 S) 4

113, West Wharton 40 55 4
YC Yatch Club 40 S4 I( 'I ,7 4I

ZA Zahn's Airport 40 42 '1 24

NOTES:

I. TYPE -)F DATA

A - TWO ROLl. RE1DIX
8 - 'YIF POLL RFNr)IX

0 - VISUALLY OBSERVED
P - FRO! SECOND LEVEL OF PIRAL
C - OUADRUPLF, TRIPLE, OR DOUBLE REGISTEP
W - WBANIn 1P OR SRVICF A

WQ - COAST r',UARD CIRC11IT (QIIADRUPLF RECISTr

1- TINKNOWti

II. FOOTNOTES

1. IF TWO DIRECTIONS rIVFN, PIRST IS 4F(II'INIO; - OP ),A,7; A""53
MOVINCI IN A 'C:/)CKWISE SqF05.

2. WIND SPEED CONVERTED FROM REAUFORT.

3. IF WIND RECORDER INOPERATIVE, PIBAL WIN" ;(SvTI M '
4. WIND SPEEDS REPORTED EITHER AS 2.5 O)R '.S MPH: DATA NOT "''F.
5. USED ONLY WHEN RECORDER WAS IVJOPFPArIVF.

6. ROOF AERODYNAMIC FFECT.
7. ALL OUADRANTS.

8. 2P7 m ABOVE GROUND lEVEL.

II. PROBLEMS

D - ORIENTATION PROBLEMS
F - TOO FAST
:, - LOCAL EFFECTS
S - TOO LOI
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Figure 4. Location of helicoter soundina sites.
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During the NYAPP, upper level wind data n the lowest vilometer of the
atmosphere were obtained by the following mtthods: (l) siinle theodolite
tracking a single free-rising pilot balloon; (?) tio tn, > 1lites tracking *

single free-rising pilot balloon; (3) four theodolites tracking two free-
rising pilot balloons; and (4) radar-tracked radiosonde launches at the 1'
Weather Service site at JFK.

When four theodolites were used in an experiment, two of them were used to
track each balloon. The two balloons were released from sites separated h y
about I mi and were tracked so that simultaneous readings were taken of eac'
balloon by its two tracking theodolites. Results were used to estimate the
time rate of change of the correlation coefficients obtained from the two
velocity data sets.

The above pibal and rawinsonde data have been analyzed at San ?ose Stit,
University (SJSU) by the following series of computer programs: (l) DATA CHK,
which checks punched cards containing the original pibal and JFK observations
for various key-punching and filing errors; (2) DATA, which transfers the
original observations from the cards to a "BCD" formatted, unblocked, 7-track,
800 bpi computer input data tape and then prints the data; (3) DUMD, which
lists any part of the input data tape; (4) EDIT, which can correct any errors
found in the input data; (5) WIND, which co putes and prints wind velocities
for particular pibal runs using the data on the input dat- tape; (6) WIND?,
which computes wind velocities from the input data tape for particular runs
and then puts the output onto a new "BCD" formatted, unblocked, 7-track, 8,00
bpi computer tape; and (7) EPATAP, which reads the new tape generated hy WIND2
and then lists the wind velocities for particular pibal runs.

The tape generated by the WIND2 computer program, and the EPATAP program
necessary to read that tape to list the velocities from particular pibal runs
are available at NTIS.

A constant rate of ascent of 150 m -min -' was assumed to obtain the heiqht of
the balloon at any given moment above the local ground level. Most of the
theodolite azimuth and elevation readings were taken at 15-s intervals,
although on occasion 30- or 60-s intervals were used. The 15-s interval
yielded computed velocities at 37.5 m intervals, except in the case of missinq
levels, while a knowledge of the height of the launch site ahove mean sea
level allowed for the data to be listed at heiqhts above rean sea lpvel.

Surface Wind Data

The original surface wind data rolls are generally not availablre, except for
those from several of the sites operated by NYU. The availanle data rolls are
currently at SJSU, as are the tabulated hourly averaged windsneed and wind
direction data for many of the stations.

Pibal Wind Data

The original data sheets from all of the pibal launches are 3t SJSI. 'he data
set includes single pibal launches (designated as "S"), double pihal launches
(designated as "D"), and double-double pibal runs (desiqnated as "PD).
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Computer programs required to correct errors in the input data and to compute
wind velocities are available at SJSU, as well as all, of the corrected
observations on a computer tape. The comnutod velocitip, trnrn the three pri-
mary test periods are also on computer tape at the rti-', alonq with the
computer program (deck and listing) required to read the winds from the tape.

Helicopter Soundings

The original helicopter strip charts containing the S02 and temperature sound-
ings are at SJSU. In addition, some of the strip charts obtained before the
first test period contain additional soundings of wet-bulb temperature.

Synoptic Conditions for NYAPP Test Periods are as follows:

Test 1

September 19, 1965: An anticyclone dominated the east coast south of New York
City NY wi-t-- a quasi-stationary front through the center of New York State
(NYS) and Connecticut. The front moved (east to west) through NYC between
1800 and 2100Z, and the high associated with the new air mass was centered 400
mi east of NYC.

September 20, 1965: The front that passed through NYC on September 19 washed
out in central Pennsylvania by 1800Z, resulting in a large high forming over
the entire east coast and western Atlantic.

September 21, 1965: No change.

September 22, 1965: No change on east coast, hut after 00007 a cold front
5oved-nto theThO Valley.

September 23, 1965: The front slowed in the Ohio Valley, but as the high on
the east coast weakened, the front began to move eastward with many waves.

September 24, 1965: The front entered eastern NYS by 0600Z but remained
quasi-stationary with waving. It passed NYC at 0300Z, moving from west to
east.

Test 2

October 13, 1965: An anticyclone moved from West Virginia to Delaware fol-
Towing a front Tocated in the western Atlantic.

October 14, 1965: The high moved northeast but high Pressure still dominated
the entire east coast.

October 15, 1965: A ridge still existed over the east coast but tv thp end of
he-dayc6TcTTront moved into upper NYS.

October 16, 1965: The front passed through NYC at about 60OZ, fnllowed by i
high from Ontario.

October 17, 1965: The high first moved northeast and then moved down the
Hudson River to a position over NYC at 210OZ.
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October 18, 1965: The high remained stationary civr IYC.

Test 3

Cancelled.

Test 4

December 7, 1965: A high was centered over the midwest with ridging into the
r6t T _7F - igh later moved southeast.

December 8, 1965: The high moved into the southeast still ridging into the
nt-east.-- -- a front moved into upper NYS, and by 2100Z there was a
frontolysis with a "peanut" low centered over Syracuse and Dover Air Force
Base.

December 9, 1965: The ridge was reestablished by 0600Z and the high hPcame
qa-sT- at-onary over the southeast.

December 10, 1965: A cold front entered upper NYS at 090OZ. The front passed
NK--at-1200Z and by 1800Z the ridge formed a high centered in Ontario.

December II, 1963: The surface ridge line moved into northwestern flew
tngand, an te-e was a warm front through Washington, DC.

December 12, 1965: The Canadian high intensified, increasing the ridninq over

th e east coast.

Test 5

February 2, 1966: A trough formed over the east coast between a low near
Gre6nnFa-nid-a-aother low (with a frontal system) over Virginia.

February 3, 1966: Weak ridging from Philadelphia to Oklahoma.

February 4, 1966: A front entered upper NYS at 15007 with a wave centpred
over southeastern Ontario. Frontolysis occurred at ?10OZ.

February 5, 1966: A high centered over the Missisippi Valley dominated the
entire easer-ipart of the country.

Test 6

March 8, 1966: A long wave trough was over the northeast with jets throuqh
t~he 6-To-VaITey and off the coast at Martha's Vineyard. t the surface a
dynamic high dominated the east.

March 9, 1966: The long wave trough weakened and the jet movnd northwalrd into
YNT i.__7Thighest speeds moved into Maine and a short wave ridge moved into
the southwestern part of the Ohio Valley. The surface high moved northeast
across the Ohio Valley into NYS. By 120OZ it began to move south.
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March 10, 1966: The long wave ridge aloft was buildinr . - the western Ohio
Va-ey.Thejet maximum was acconanying a short wave -. an- was losing
strength. The surface high became stationary over Norfolk. ,iroinia and began
changing its thermal structure. By 2100Z a cold front hal i:ist passed Water-
town, New York (moving south) and the high was breaking dloa.

March 11, 1966: A second jet maximum was over Quebec in association with a
well-developed-short wave trough and a closed low at 500 mbar over Montreal.
The front moved through NYC at 1200Z. Following the front there was ridginq

from a dynamic high over Quebec. The ridge was bridging the front in the N'1
area during the afternoon.

March 12, 1966: The upper level system moved eastward across the maritime
provnTces and a weak short wave ridge developed in association with the con-
vergence zone of the jet maximum. The long wave oattern remained unchanged.
By 0300Z the surface front moved southward to 'W4ashington, DC, and the hin h

moved south-southeast with its center remaining in Quebec.

Test 7

May 3, 1966: A high was centered over the Missouri Valev with ''idiini nt.
the northeast. There was frontogenesis over %laine, and a c-, ' rInn ' v

rapidly into NYC.

May 4, 1966: The front moved into the NYC area by 000)07 and a )ost -- til

fig -ghT--nMTne moved southeast through the Washington, IC area.

May 5, 1966: The high moved off the coast, and a second front was ow~r " fi.

May 6, 1966: The front moved through NYC between 0600 and 1207. t 'K7
s-ort wa-v-e-formed over Cleveland, and a wave moved through 'IIr after 1L, 7.

May_7, 1966: A post frontal trough remained over the northeast.

Test 8

October 4, 1966: A stationary high existed in the %tlantic off of NY, anr
colfbn-TiV-d through the Ohio Valley into NYS by 01007.

October 5, 1966: The front passed NYC between 060, and 120UZ, and the '
r

'

p6nc-aFs--et through. A post frontal high was centered over the
Val 1 ey.

October 6, 196t: The high moved northeastward intn the 0Ohir Vallry.

Test 9

November 1, 1966: A front with waves moved through the mid,le of '1VY" in, 'h-

r e mai neT-statT-na ry.

November 2, 1966: A major wave developed ove,- Georgia and moved northward1
al ong the-fr--Tnto Pennsyl vani a.
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Test 10

November 15, 1966: At O000Z the jet was through the Ohio Valley and off of
the cnast atZape Hatteras. The axis of the long wave trouqh was through an
area northeast and east of NYC. By 1200Z the jet moved to a position north of
the city, and there was a jet maximum over northwest Ontario. At the surface
at 0600Z, a dynamic high was centered in northwest Ontario with ridging into
the Ohio Valley.

November 16, 1966: The flow was becoming more zonal with the jet split into
two cores. he primary core was over southern Quebec, while the secondary
core was over the southern Ohio Valley. At 000Z the surface ridge was in
NYS, while six hours later the high was centered over Alabama. By 1800Z the
flow at NYC was southwest with a warm front near Buffalo.

November 17, 1966: The two jet cores merged and came off of the east coast at
Washington, D.TA strong maximum was developed over Wisconsin. At OOOOZ the
surface front extended from Watertown, NYS, to Providence, RI. It then moved
northward and became quasi-stationary in northern New England, with
southwesterly flow remaining over NYC.

Test 11

November 23, 1966: A high centered over Washington DC dominated the entire
east cost.

November 24, 1966: The high moved southward into Georgia.

November 25, 1966: Weakening of the ridge in the northeast allowed some
quas--ita-i-ii rontal activity in the northwestern part of New England.

Test 12

December 6, 1966: At O000Z a dynamic high at 850 mbar over Charlestown, South
Carolina, dominated the entire east coast. It was beginning to change its
structure to a warm core high. The surface pattern was generally the same as
that at 850 mbar.

December 7, 1966: The high at 850 mbar was a stationary warm core high
centered at 3ON and 75W. The surface pattern was generally the same as that
at 850 mbar.

December 8, 1966: By O000Z a front at 850 mbar was pushing into the Ohio
V 7ey, increasing the windspeed over NYC up to 30 kn (from the west). Rv
0600Z the surface high was off of the coast, and there was strong southwest-
erly fl,, through the entire east coast.

40



St. Louis--Regional Air Pollution Study

The RAPS was a very extensive observation oro i- cnneiucted by the

Environmental Protection Agency (EPA) for the St. Lou . roplitan area..
RAPS was organized to study air quality on the scale ol in ',ir Quility Control
Region. Besides making an inventory on emissions and air uality montorinq.
many meteorological data were collected. This lati is ,articularlv relevant
to use in an urban meteorology data base because of the density and duration
of the data collection.

The Regional Air Monitoring System (RAMS) consisted of 25 meteorolooical

towers. Seventeen towers were 30 m high, and 8 were 10 m hiqh. At every RAMS
site, windspeed and wind direction were measured at 10 or 30 m, temperatures
at 5 m, and dewpoint at 2 m. On the 30-m towers, the temperature difference
between 5 and 30 m was measured. Six towers, three 10 m and three 30) m, had
radiation measurements. Windspeed and wind direction were measured,

respectively, by an MRI 1022 S and 0 with accuracies of tO.0 7 m/s anl +O.S
percent. Temperature and temperature gradient were measured respectively hy
an MRI 840-1 and a MRI 840-2 with respective accuracies of +0.05°C and
±0.1 0 C. Dewpoint was measured with a Cambridge 880 to an accuracy ef 1

0Q.

Solar radiation was measured by either an Eppley Pyranometer, Pyrhelinmeter,
or Pyrgeometer to an accuracy of +1 percent. RAMS data consists of "-rin
averages based on 120 1/2-s readings.

The upper air station network (UASN) consisted of four stations; 141, 14?,
143, and 144. Data were collected hourly for the period of August 1074 until
May 1977. At each upper air station, cloud cover (visual), surface

temperature, dewpoint temperature (sling psychrometer), surface windsoeed and
wind direction were taken. (Stations 141 and 142: Taylor Scientific
Windscope model 3120, Stations 143 and 144: Dryer hand-held wind meter).
Wind direction and windspeed aloft were taken by either a 10 a or 30 ( oihal
tracked by a single Warren-Knight theodolite or by a radiosonde, either ,T7

403 MHZ model 1395 tracked by a single Warren-Knight theodolite, or the model
1392 by a GMD-lA Rawin Set. The model 1395 RW used a Leeds and NorthruD model
63-100, Leeds and Northrup model 211 CP, or Boukers 'lodel 403 receiver' the
model 1392 RW used a Bendix model TMQ-5GMD receiver. Temnerature, relativn
humidity and barometric pressure were also measured.

At each upper air station, radiosondes were launched every 6 h (??On, ,4On

1000 and 1600 LST) while pibals were launched hourly between radiosonde
observations. The balloons were tracked to 7(0P mhar with 'eadinqs taken verv
30 s or at significant levels for about 2 min.

A subsurface heat flux study was conducted from Septe-ihe- 1075 throuqh lanuarv
1978. The measurements are summarized in tahl A. M-a SUr,lments end
instruments used were:

37j. A. Strothmann and F. A. Schiermeier, 1970, Documentation o' the Regional
Air Pollution Study (RAPS) andRelated Investigation in the St. hnuis Ai'

Quality Control Region, EPA-b0O/4-70-076, Environmental Protection Agency.

Washington, DC
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TABLE 4

SURSURFACE HEAT FLUX STUDY EQUIPMENT PLACEMENT.

Black Paint
Concrete Concrete Grassy Station

Sensor/ Instrument Heiaht Area Area Area Shelter

Net Pyrradiometer 1.5 m AS X X X
Shielded Thermistor 4.0 m AS X

Shielded Thermistor 1.0 m AS X X X
Surface Thermistor SURFACE X X X
Subsurface Thermistor 1.0 cm BS X X x
Subsurface Thermistor 3. 0 cm BS X X X
Subsurface Thermistor 5.0 cm BS X X X
Subsurface Thermistor 7.0 cm BS X X
Subsurface Thermistor 10.0 cm BS X X X

Subsurface Thermistor 15.0 cm BS X
Subsurface Thermistor 18.0 cm BS X X
Subsurface Thermistor 20.0 cm BS X
Subsurface Thermistor 22.0 cm BS X X
Subsurface Thermistor 30.0 cm BS X X
Subsurface Thermistor 40.0 cm BS X

Subsurface Thermistor 50.0 cm BS X x
Wind System 4.0 m AS X
Hygrothermograph 1.0 m AS X
Rain Gauge 0.5 m AS X

Hygrometer 1.0 m AS X
Microbarograph 2.0 m AS X

AS above surface BS = below surface
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Subsurface temperature (Yellow Springs Instrument Co, liodel 401), surface
temperature (Yellow Springs Instrument Co, model 408), ambient air temperature
(Yellow Springs Instrument Co, model 401 with Bendix Friez recording
hygrothermograph), net radiation (Swiss-teco model s-i net pyrradiometer),
barometric pressure (Weather Measure Corporation model 3211 recording
microbarograph), precipitation (Weather Measure Corporation model P511-E),
windspeed and wind direction (Climet Model CI-25 wind measuring system with
model 011-1 windspeed transmitter and model 012-10 wind direction
transmitter), dewpoint (EG&G International model 880), soil moisture, thermal
conductivity, and heat capacity.

The RAMS turbulence study was conducted in July, August, October, and November
of 1976. The fluctuations in temperature and wind velocity components were
continuously measured by a Fenwall fast-response thermistor and a Gill UVW
propeller anemometer at 30 m. Data was collected at towers 105, 107, 109,
111, and 113. The turbulence study data is not yet available on maqnetic
tape.

Planetary boundary layer (PBL) profilers were in operation from February 1975
until January 1976. During this time a total of 208 profiles were made. The
profilers consisted of tethered balloons that were raised and lowered through
750 m. The profilers were located downtown and in a rural location well to
the east of metropolitan St. Louis. On the profiles, temperature and dewpoint
were measured by a ventilated bead thermistor in a radiation shield and hy a
wick-covered thermistor. On the ground at both sites was windspeed and wind
direction equipment. The profiler data resides at the Illinois State Water
Survey.

In conjunction with RAPS, a number of local meteorological measurements were
made. These included the NWS station at Lambert Field and stations at Alton
Civic Memorial (ACMA), Spirit of St. Louis (SSA), and Parks Bi-State (PBA)
airports. In addition, instruments were located at the Gateway Arch (GAIS),
Scott Air Force Base (SAFB), and St. Louis University (SU). The above had
hourly observations except for GAIS and SU which had one daily observation.
All instruments were located at standard heights except for SU which was at
9 m above the ground. The measurements made are summarized below:

NWS: Cloud height (Cruise-Hinds ceilometer), barometric pressure (H. J.
Green mercurial barometer), ambient air temperature (Weston resis-
tance thermistor), dewpoint (NWS dewpoint cell), relative humidity
(psychrometer), ambient radiation (Victoreen geiger counter), wind-
speed and wind direction (Electra Speed F-420 wind system).

ACMA: Cloud height (Cruise-Hinds ceilometer), wind direction and windspeed
(Electra Speed F-420 wind system).

SSA: Cloud height, windspeed, and wind direction (instruments same as

ACMA).

PBA: Windspeed and wind direction (instrument same as CMA).

GAIS: Daily maximum and minimum temperature (Weksley thermometer).
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SAFB: Barometric pressure (ML-563 recordinq barogeaph vid an ML-572 mer-
cury barometer), ambient air temperature (TMQ-l1 electrical resis-
tance thermistor), dewpoint (TMQ-I I dewpoint crI1), windsoeed and
wind direction (3AN/GMQ-20 transmitter with an RO-' 2 recorder).

SU: Daily maximum and minimum temperature (4eksley thermometer).

LGC: Windspeed and wind direction (recording manometer), ambient air
temperature (Foxborough recording thermometer), net incoming solar
radiation (pyrheliometer), soil temperature (thermistors).

MCC: Windspeed and wind direction (Bendix system).

UEC: Windspeed and wind direction (Friez Aerovane model 120), ambient air
temperature (Leeds-Northrup thermocouple).

The instrument sitings were as follows:

LGC: All instruments are on the roof of Laclede gas building except soil
probes that are at depths of 23 and 46 cm.

MCC: Approximately 8 m above ground.

UEC: Locations 1, 3, and 4 are at about 3 m. Location 2 is at approxi-
mately 76 m.

Finally the form of this data and its availability:

LGC: Strip charts--must be cleared with LGC before release

Richard Ryan
Laclede Gas Company
3950 Forest Park
St. Louis, MO 63108
(314) 658-5480

MCC: Strip charts

Clarence Buckley
Monsanto Chemical Company
Sanget, IL 62201
(618) 271-5835

UEC: Magnetic Tape

Michael L. Manne
Union Electric Company
Environmental Sciences Department
PO Box 149
1901 Gratiot Street
St. Louis, MO 63166
(314) 621-3222, X2816
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St. Louis, Nissouri--METROHEX

METROMEX (Metropolitan Meteorological Experi!eTnt) was a I irje observation
program sited around St. Louis, Missouri , '..tromex was primar-
ily concerned with urban effects on precipitation durinq 3 5-yr study from
1971 through 1975. The Illinois State Water Survey was primarily responsible
for conducting and archiving Metromex though many other agencies took part.

Relevant Metromex data networks include those for surface temperature, humid-
ity, windspeed, and wind direction. Other networks included lidar and
acoustic sounders, pilot balloons, radiosondes, and aircraft. The bulk of

observations were made during July and August of each year, though surface
network and some aircraft data was collected year round. The types of
relevant observations are generally the same for the 5-yr period. The surface
hygrothermograph network of 7 stations in 1971 was increased to 26 for 1972
through 1975.

The upper air network consisted of 3 or 4 rawinsondes and from 7 to 11 pibals
depending on the observation period. 1972 had 17 pibal sites and 4 rawinsonde

sites while 1973 had up to 13 pibal and 3 rawinsonde sites. Not all the pihal
sites were used simultaneously.

The 1972 operations consisted of:

A. Convective Shower
Number of Operations: 6
Time: Approximately 1400 to 1900

Observations:
7 sites--Double theodolite pibals at 1/2-h intervals, to 3500 m.
3 sites--Radiosondes at 1-h intervals tracked to 600 mbar. Five

to six releases from each site, with one fewer from the
central city.

B. Night-time Urban Circulation
Number of operations: 5--clear light winds

38 W. P. Lowry, 1973, "1972 Operational Report for Metromex," Illinois State

Water Survey, Urbana, IL

39W. P. Lowry, 1973, "1973 Operational Report for Metromnx," Illinois State

Water Survey, Urbana, IL

'0 T. J. Henderson and 0. W. Duckering, 1976, Metromex 1_Q75 A Summary_ Report,

Report prepared for the Illinois State Water Survey, Urbana, IL

4 IR. R. Braham, Jr, 1Q72, "University of Chicago Contribution to Proiect

Metromex-I," Prepared for the National Science Foundation, Washington, DC

42S. A. Changnon, Jr, F. A. Huff, and R. G. Semonin, 1071, "Mntrompx: An

Investigation of Inadvertent Weather Modification," ull Am Metnorol Soc,

52:958-967
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Time: 2140 to 0100, one 2340 to 03)O
Observations:

7 to 9 sites--Double theodolite n i1s at 2 0-mi-I int,rvals to 2 km
3 sites--Radiosondes at 1-1/2 to 2>- intervals trKed to 600

mbar.

C. Urban plume
Number of operations: 4
Time: 1220 to 1530 or 1400 to 1700
Observations:
7 or 8 sites--Double theodolite pibals at 20-min intervals to 2km
2 or 3 sites--One radiosonde per operation, no radiosonde at site

2 during 1220 to 1530 operation.

The surface hygrotherograph and wind network and upper air network data are
in the possession of the Illinois State Water Survey, Champaign, Illinois.
Unfortunately, the data is unavailable in its present form.

Dr. Stanley A. Changnon
Atmospheric Sciences Section
Illinois State Water Survey
Box 5050, Station A
Champaign, Illinois 61820
(217) 333-2210

Acoustic sounding data was taken at the Granite City US Army Base from July 21
to August 25, 1972. In 1973 there were three sites, one as in 1972 at Granite
City, one at the Gateway Arch in St. Louis, and one at the Scott Air Force
Base MARS radio station. Acoustic sounding data was taken by Argonne National
Laboratory.

Surface and upper air data were also taken at Granite City in 1972. The
equipment included a Bendix-Friez hygrothermograph and Aerovane. A radiosonde
was also launched at Granite City. In 1973, surface values for wind, tempera-
ture, and relative humidity were taken at the three acoustic sounding sites.
Solar radiation was measured only at Granite City with an Epoley pyranometer.

Also at the Granite City site was a lidar operated by the Stanford Research
Institute (SRI). The SRI lidar was operated extensively hetween August 7 and
August 25, 1972. The sampling rate was generally three pulses ner minute in
the earlier observations and five or above per minute in the l3ter
observations. The lidar data together with the Argonne National Laboratory
wind, temperature, humidity, and radiation measurements were recorded at 1-mi
averages during the complete experimental period.

During Metromex, the University of Chicago surveyed the urtan heat island with
aircraft. The surveys were conducted in both summer and winter months. One
aircraft was the University of Chicago Lodestar N9980F which measured air
temperature and humidity. The other aircraft, the Queen Air 304D, was pro-
vided by the National Center for Atmospheric Research (NCAP) which measured
surface temperatures.

On board the Queen Air was a Barnes PRT-5 radiometer which provided infrared
detection of surface temperature anomalies. A microfilm record of radiation
temperature jnd position at 1-s intervals was generated. The position data is
very accurate.
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Cross-sectional flights were generally taken nn days witn lilht wind when it
was thought that the urban effect would be at its maximum. A typical flight
consisted of a sequence of runs at several lovels up to 5U00 ft above sea
level along a track about 40 mi long and generally normal to the prevailinq
wind direction.

There were three temperature sensors on the Lodestar; a Rosemount 102E2AL; a
platinum resistance element circuit with range switching; and another platinum
resistance element without range switching. Humidity on the Lodestar was
measured by a model 137-63 Cambridge Frost Post Hygrometer with a 137 to Sl
sensor, and by a wet bulb platinum element. Measured temperatures were cor-
rected to account for altitude variations. Any existing mesoscale temperature
variation was assumed to be the linear trend between the start and finish
points of a cross-sectional flight. Any variation from the linear trend was
attributed to the urban influence.

At the beginning of a run, the aircraft position and time with respect to a
well-defined point was marked. The aircraft then 'Few the cross section at
roughly constant altitude. At the end of the run position and time were aqain
marked. The altitude was then increased by 500 to 1000 ft and another run
over the same flight path done. During the runs, data was continuously
recorded on a multichannel analog and digital magnetic tape system adapted
from the NCAR ARIS II. This was converted into a computer compatible qround
tape and processed to give a microfilm output record.

Uppsal a, Sweden

The UUMP Project" 3 4, J45 46 was begun in 1972 with one of its purooses beinn
the study of the development of the three-dimensional structure of urban wind
and temperature fields. The main periods of observation were May, June,
September, and October 1976. Uppsala is a small city coverina an area of
about 21 km2 and has a population of approximately 100,000. It is located at
latitude 59055 ' north and longitude 17036 ' about 80 km from the ,altic Sea.
The surrounding countryside near the city is mostly open fields with forpst
predominating further away from the city. The terrain is very gentle with the
greatest variation in the southwestern part of the city.

4
3U. Hogstrom et al, 1978, "The Uppsala Urban Meteorology Project," Boundary

Layer Meteorology , 15:69-80

"'R. Taesler and S. Karlsson, 1980, Power-Law Estimates of the Urban Wind

Profile, Report 59, Department of Meteorology, University of Uppsala, Sweden

4 5 R. Taesler, 1980, Studies of the Development and Thermal Structure of th-
Urban Boundary Layer inUppsala. Part I, E xperimentalPrram, RePoort 6,
Department of Meteorology, University of Uppsala, )weden

46S. Karlsson, 1980, Analysis of Wind Profile Data from an Urban-Rural

Interface Site, Report 58, Department of Meteorology, Universitv of lnpnsala,
Sweden
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There are virtually no tall buildings in Uppsala, the tallst mentioned being
a hotel of seven stories. The commerical area is generally characterized by
buildings of three to six stories while the outlying rpsidential areas have
building heights of two to four stories, decreasing to one to two stories for
single-family homes. With the ground elevation rising nently from the city
center eastward, and with the average building height decreasinq, the net
effect is that the average rooftop level is nearly horizontal. The Uppsala
observations consisted of a meteorological tower, a fixed and mobile surface
mast, surface thermograph network, wiresondes, pibals, and smoke puffs.

The Granby tower made continuous measurements of air terperature, vapor t.res-
sure, and windspeed at 1, 2.7, 7.3, 20, 35, 50, 75, and 100 m above qround.
Wind direction was measured at 7.3, 50, and 100 m. The anemoreters on the
mast and the wind vanes were placed on booms projecting 1.5 m from the
tower. Global and net radiation measurements were made at the tower site at
1.5 and 1.0 m above the ground, respectively, and a ground heat flux mea-
surement was made at 1 cm below the ground. The Granby tower data is avail-
able on magnetic tape in both 4-min and hourly averages.

Net radiation and global radiation were measured with a CSIRO net radiometer
and a Moll-Gorszinsky radiometer, respectively. Ground heat flux was measured
with four CSIRO ground heat flux plates buried around this area.

A modified Casella sensitive anemometer was used for measuring windspeed. The
instrument was made weatherproof and durable by replacing the original cup
rotor arms with delta-shaped flat arms made of aluminum, and by replacing the
original jewel bearings with miniature ball bearings. Wind tunnel calibra-
tions showed that these modifications had no effect on the sensitivity or the
distance constant. The eight anemometers used in Gr~nhy wero calibrated
individually over the windspeed range 0.5 to 35 ms-: before thpy were
installed on the mast, and again after 1-1/2 yr of continuous operation. The
recalibration gave a satisfactory result: the difference between the two
calibrations was entirely random and of the order of the accuracy of the wind
tunnel speed determination, that is, about I percent for windspeeds above
4 ms-I and better than +0.05 ms- I for lower windspeeds.

The temperature and humidity measuring system consisted of three sets of 50V .

Pt-sensors. One set was placed in ventilated shields at the air intakes for
measuring the air temperature at the various levels; the other two sets
provided measurements of "dry" and "wet" bulb temperatures, and were placed i,
a special screen at the base of the mr:t.

A low-level radiosonde (Vaisala RSl7) was used for tompcrdture soundinqs at
the Meteorological Institute. The sonde had a fast response wire-thermometer
that in conjunction with a manual receiver allowed a resolution of +_O. \

1000 g sounding balloon carried the sonde and measurements were generally done
in light wind conditions of less than 6 ms-1 . While the balloon had a maximul
height of 350 m, it was general ly confined to 200 m or be! ow. Ground checks
were taken at least before and after each sounding. Thp soundinos wpre done
by repeated ascents and descents with stops for every 10 m, or in sor., cases,
20 m of tether-line length. Each stop lasted for I min and rpadinqs were
taken at the end of the l-min stop in order to all ow the sensors to
stabilize. The inclination of the tether-line from the vprtical was ,stimated
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at each stop, which together with the length of tether-line provided an
independent estimate of the height of measurement.

Mobile temperature measurements were made on a 14-m telescopic mast attached
to a car. Temperature was measured at 2.2, 7.4, and 14 m. Due to the
sampling method used, the temperature differences between two levels may be in
error by +O.10 C. Measurements were made at 4 to 6 of 11 preselected sites
during a time period of 3 h. At each site, a temperature level was sampled
for a 10-s period every 30 s for about 15 min. Primary readings were
transferred to punch cards, and mean values calculated for each 15-min period.

An attempt was made to study the wind field associated with the urban heat
island, and in particular, the possible development of an urban circulation by
observations of smoke puffs released at ground level. These experiments were
only done on a few occasions, when the heat island was particularly well-
developed and the general flow of air was less than 2 ms-1 .

The smoke puffs were released during stops in the temperature survey at open
spaces around the main built-up area. They were thus not done simultaneously
at all points, but successively during a period of a few hours. To make
simultaneous smoke observations at all points would have required several more
participants and would have hampered other parts of the experimental pro-
gram. To reduce, as far as possible, the effect of nonstationarity in the
wind field, successive Duffs were released in a criss-cross fashion by moving
from one side of the main built-up area to the opposite.

The smoke was generated for about 30 s but could be observed for a period of a
few minutes, during which the direction of movement was determined by compass
readings and the dispersion character observed.

Thermographs were placed at sites RA, HJB, VA, FL, MI, F16, and MARSTA as
shown in figure 5. Continuous records were taken at all but the latter two
sites where values were obtained houriy. Recordings at MI were on a
continuous basis while those at the first four sites were done only when
favorable weather was expected.

The data from F16 are regular, hourly synoptic observations of good quality.
The stations MI and MARSTA are run by the Meteorological Institute and the
recordings are corrected by taking reference readings several times daily with
a ventilated Assman psychrometer.

The screens used at RA, HJB, VA, and FL had no mechanical ventilation. Thus,
they were expected to have produced radiation errors during conditions of
bright sunshine and weak winds. This may have been the case with the screen
at RA, which was in a rather sheltered position.

In the center of the city on the seven story Uplandia hotel, temoerature,
windspeed, wind direction, and net radiation were measured at 14 m above the
roof. Global radiation was measured with a standard Moll-Gorzinsky pyrradi-
ometer. The instrument was calibrated during May 1976 and the accuracy of the
measurements were estimated to be approximately 5 percent.
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Net radiation was measured with a CSIRO net rajioneter. b, recorded output
was evaluated according to the original, ind~vidual ca'nrailinn .ertificate
provided by the manufacturer. The accuracy is believed t,) '- about 5 to 10
percent, but no direct check of this could bc made.

Windspeed was measured with a standard Cassella cupanemometer. The threshold
wind velocity for this instrument is about 0.2 m/s 3nd the accuracy of mea-
surement is about to.05 m/s at windspeeds less than 5 m/s and about +1 percent
at higher speeds. Calibration of the anemometer was done in the same wind
tunnel as with the anemometers used at Granby. 4ind direction was measured
with a potentiometer and a wind vane. The instrument is identical to the ones
used by Granby. The accuracy of measurements is estimated to be about 5
degrees. All data were recorded on a data-logging system with paper tape as
output. The logger scanned all the channels once every 6 min, thus allowing
continuous recording for about I wk.

The primary recordings were later processed on the IRM 360/370 compnuter at
Uppsala University. One-hour mean values were computed for each channel and
listed together with the primary data.

The mast used on the rooftop was of tne same type as the one used for the
mobile profile measurements. The surrounding, central urban area is rather
homogeneous in all directions up to 500 m distance or more with an average
3uilding height of about 15 m.

Another problem that could not be eliminated was caused by a ventilation
outlet on the roof. From this outlet, warm air could he advectrd towards the
mast with winds from directions between 150 to 200 degrees.

Some pibals were released during the early stages of the experimental pro-
,1ram. The balloons were released from the Granby site durinq periods with
winds toward the urban area. One experiment comprised a series o' balloons
released during a period of 1 to 2 h. Each balloon was followed over a period
of 15 to 40 min during which it rose to a height of 1 to 1.5 km. 2 a dings
were taken simultaneously every 30 s at the two theodolite-sites. To obtain
simultaneous readings, the procedure was directed by radio communication.
Readings of azimuth and elevation could be done with a precision of +n.1
degree. In addition, the accuracy of the rwasurrv nt dePends on an
individual's ability to track the balloons, )n the timin ,,  )f readings, and on
the angle between the lines of siqht.

The balloons in a series were inflated differently using hvdrogen eas to cover
a range in speed of rise from 25 m/min to 100 m/min. The free !ilt and speed
of rise of the balloons was determined by balancina the 'hunvi-cV of -ach
balloon against a given, preselected weight.

The primary readings were transferred to punched cards and slibsequontlv run on
the computer to obtain windspeed and wind direction for Pach 3P-s interval.
In addition, the program provided data on the xyz-coordinatos, fnr th,, halloon
and on the errors in these coordinates.

Measurements were taken during both day and niQht. In the 'att(r ca-,' a lamn
powered by a small 1.5 V battery was attached to the bjllo,-n. 'Vas,;r',Tvnnts
were confined to cases with weak or moderate windspeeds l(c.; than 0 ' ' At
higher speeds the tracking of the balloons was found to be rath,- ditficult.
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resulting in poor accuracy of the readings duri nq th. %r,-, i inutes after
rel ease.

Some stati stical analysis of the Gr'anby tower wi nd da',> -7-1 done. The
data was collected over a 2-yr period from 197, to 1q76 r(-r-;r, -,.-rig about 3!'
percent of the days. Data was classified in terms of both St,)ilitv and/or
wind direction classes. The stability classes w',r, calcA .... led -r the 'Isis of
the Richardson number, while the eight wind di rotions denended on the tvoe of
upwind fetch and cover from 20 to 80 deqrees i -.iw. The standard deviation
of windspeed was calculated from

0I U r- 4
U Z

where m is dependent upon stability.

It has been learned that Granby tower and t!rbol ,rn- d1Vi1 ar, av i-l.e from
Professor Ulf Hogstrom at the University of ppsalia. Prisent',, tr tower data
is stored as hourly means on punched cards. Some measu-,-m nt ,,' -ay exist
in the data set. The turbulrnce data is storrd on mrnc i tio . ,l othcr
data including the wiresonde, thermograoh, oibal. and ror'tq) data are 3ai
able from Dr. Roger Taesler at the Swedish 'Ar-teor1r C1 ,- 1, vr 3,
Institute in Norrkoping. All of the above are itho' ,inhr,- r,]d or
computer printouts.

OTHER URBAN METEOROLOGICAL OBSERVATION PROGRAMS

4any other additional observation programs have been con'',:tir. The f1. ewin-
programs did not observe the vertical variation of w4 r,,nl, 'e mperatu re, an
relative humidity, and consisted of a very limited number of ohservations.
Delineating the maqnitude of a particular cities' heat island was too ", imarv
goal in several of the followinq programs.

Bombay, India
Canadian Tower Network
,Chapel Hill, North Carolina
Cheyenne, Wyominq
Cologne, Germany
Columbia, Maryland
Dayton, Ohio
Dallas, Texas
Denton, Texas
Denver, Colorado
Freiburg, Germany
Giessen, Germany
Greeley, Colorado
Helsinki, Finland
Johnstown, Pennsylvania
Kansas City, Missouri
Koide, Japan
Liege, Belgium
London, Enqland

52



Los Angeles, California
Mexico City, Mexico
Minneapolis, Minnesota
Nagano, Japan
Oklahoma City, Oklahoma
Paris, France
Plymouth, England
Poona, India
Rome, Italy
San Francisco, California
San Jose, California
Stuttgart, Germany
Tokyo, Japan
Tsukuba, Japan
Toronto, Ontario
Jtrecht, The Netherlands
Venice, Italy
Vienna, Austria
Washington, DC
Winnipeg, Manitoba

Poona and Bombay, India

t4obile temperature surveys of Poona and Bombay revnaled '--at islan .' ,
surveys were done on only a few occasions and fixed ohr,trvtns od o in< f4n"
temperatures were limited to just one or two stations in oach city. 1:^ vr- --
cal profile data were taken.

Minneapolis, Minnesota; Cheyenne, Wyoming; and Greeley, Colorado

Heating season (December through March) data were collected a ,
Minneapolis, Minnesota (2 seasons--Jan 13, 1979 to 'Y'- 31, I0 d- ' "
19/7 to Feb 28, 1978); Cheyenne, Wyoming (2 seasons and 6 stator-. J
Greeley, Colorado (3 seasons and 7 stations)."' Temueratures, wrI- nhsvU.! i+
all stations, and wind direction and windspeed at most star . Th.
temperature data were obtained with thermographs in staniard scrmns a,

continuous records of wind were obtained with anemonetor,, en,-ra , I y

above the surface. Also, the data for Minneapois i-d fnr on . ssa' ,
Greeley include tower temperature and/or wind data. -h(, ?-N inneaprs,,
tower data consists of three levels of wind and temt)traturo at ?1 J ',
153 m. The recorder charts were processed into hihourly rwaan valv-.

Much of the monitoring equipment used in the proqram was, s 'i nwio or -, hv
the NCAR and by the US Forest Servict. A shortane of oqu; )rt"nr f''rr,"! ,
leasing of several items. All equipment not already in iace vd m,rit ''-

I7C
' C. F. J. Daniel and K. Krishnamurthy. lQT> , "!!rhan 'r, ,rc :,'c ' ,

Poona and Bombay, India, Meteorol Geophys, ?14):07- ,"

"E. R. Reitar et al, 1980, "The Vffects of Atmosp hric Variahi 1 'v , "
Utilization and Conservation," Envi ronmental Rnsear, , , ol 0-1-,r
State University, Fort Collins, CO



independently from the program was calibrated en installation. T emperatures
were recorded by sheltered mechanical thermoriahs at a u'p'forn hpiqht of 1.5
m. Wi ndspeed and wind direction sensors werr> at (levatio,. r;i-i nq from 3 to
10 m. The thermographs were routinely checked arinst calibration
thermometers during the proqram by the network, rrators. ', allow for better
conarisons between individual instruments, ill! therroqr3ph were carefully
transported to a common site and operated side-bv-sidp for 3 d at the end of
the program.

Data were reduced to hourly or bihourly values and corrected for calibration
and other systematic errors. The data from th; , tolevision tocr seems to have
some inaccuracies in the temnerature data.

Although archives of these data are retained, the orooram has been terminatea
and resources to easily generate digital tape copies do not exist. However.
photo copies of data for some years and cities can be provided by

Professor E. R. Reiter
Department of Atmospheric Science
Colorado State University
Fort Collins, Colorado

In another experimental program, vertical temperature data were taken on a
television tower located on the boundary of St. Paul and 11inneapolis in the
heart of the metropolitan area. 4 9  Temperature was measured at 70, 170, and
500 ft above ground level by shielded resistance thermometers. The data was
recorded on Leeds and Northrup model G strip chart recorders at 2-min
intervals. The data was used to study inversion frequency, onset, duration,
and intensity.

Canadian Tower Network

The Canadian tower network consisted of a number of towers instrumented with
meteorological sensors. The towers' locations ranged from rural to urhan and
their particulars are summarized in table 5.

The data was collected and archived by Atmospheric Environment of Canada,
however, data collection ended in February 1976. Some of the tower data is
discussed further in sections dealing with Edmonton, Calgary, Hamilton,
Toronto, Montreal, and Winnipeg.*

'+D. G. Baker and J. W. Enz, 1969, "Frequency, Duration, Commencement Time and

Intensity of Temperature Inversions at Si. Paul-Minneapolis," J Appl Meteorol,

8(5) :747-753

*J. McClaren, 1982, personal communication
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Chapel Hill, North Carolina

The heat island was studied in Chapel Hill 5  by an instr-) it.? aJtomobile.
On the automobile, a Westerup resistance thermometer is Vl 3ced inside a
Climet radiation shield and mounted on the right front I~rfp' r 1-1/2 m above
the road. Traverses were conducted late in the eveninq and temperatures were
periodically read and coordinated with position. A dozen traverses ccqerinq
the winter, spring, and summer seasons were done.

Cologne, West Germany

From June 1978 to June 1980 the inversion structure heights were nvasured
continuously with two sodars.5  The sodars were both Aerovironment mode's 300
using a sound frequency of 1600 Hz. One was mounted on a roof close to the
center of Cologne. It provided a continuous time series for more than 4 yr.
The other sodar was installed at the "water supply station 4eiler," which is
about 12 km northwest of Cologne in a rural environment.

To verify the inversion statistics, several pa'allel soundings with a tcthere,'
sonde were made. Digitized data were stored on cassette tapes for analysis Dn
a Hewlett-Packard desk calculator.

Columbia, Maryland

Columbia is a planned community located between Baltimore and Washinnton.
Columbia was originally rural land but had grown from 200 in 1967 to 22,000 in
1975. It is expected to eventually reach a population of 100,000.

From 1967 to 1975 measurements were made periodically.' Equipment primarily
consisted of two Meteorology Research Incorporated automatic weather stations
in fields and six cooperative observing stations at which maximum and minimum
temperatures were observed in louvered shelters.

Occasional mobile surveys yielded temperatures at 17 fixed points. A shielded
thermistor was mounted on the automobile hood. A mobile windspeed was als
taken at the 17 points with a Wallac OYGGA22/F instrument. Radiation balance
was measured with either a Thornwaite Associates net radiometer or with a Funk
model net radiometer manufactured by Swissteco.

5 0R. J. Kopec, 1970, "Further Observations of the Urban Heat Island in a Small
City," Bull Am Meteorol Soc, 51(7):602-606

5 1R. Dohrn et al, 1982, "Inversion Structure Heights above the City of Cologne

(Germany) and a Rural Station Nearby as Measured with two Sodars, Mpteorol

Rdsch, 35:133-144

1H. E. Landsberg, 1981, The Urban Climate, Academic Press, Nw York
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Finally, vertical wind was measured by a thren level Tnornwiite Associates
micrometeorological set on a telescopinq mast. Two th,.rmirtors at 2 m and
20 m measured the temperature.

Dayton, Ohio

Dayton is a medium sized metropolitan area having a metropolitan population of
about 800,000. The major terrain feature is the Miami river valley which runs
through the Dayton area. The area outside Dayton is generally agricultural
with corn and soybean farming predominating. In conjunction with the Dayton
Climate Project, a survey of meteorological data and collect~on sites in the
Jayton area was done.*

The NWS office is located at the Dayton International Airport in Vandalia,
Ohio, about 8.5 air miles from downtown Dayton. The instruments used in
obtaining the data are located 50 to 75 ft away from the main runway and are
well away from buildings or trees. Elevation of the site is 995 ft above mean
sea level. The latitude/longitude of the NWS site is 39054 ' north latitude
and 84012 ' west longitude. Wind is obtained at 22 ft, relative humidity at 4
ft, and temperature at 6 ft above the ground. This location has been used
since February 1974.

emperature, dewpcint, relative humidity, visibility, and precipitation are
observed and recorded every 3 h. The average station pressure is available on
a daily basis only. Also available from the NWS data are minutes of sunshine
and percent of possible sunshine.

The data at Wright-Patterson Air Force Base can be obtained through the NCC.
The instruments are located near a runway situated near the center of the base
in d relatively flat and very open area at an elevation (above mean sea level)
of 810 to 82L ft. The thermometer/dewpoint recording devices are 6 ft above
the ground about 800 ft to the southeast of runway 23. The wind instruments
are about 600 ft from the runway at a height above the ground of 13 ft. The
pressure is taken inside the office about 3/4 mi southeast of the runway. The
runway itself lies in a flat, open field that extends for nearly 3 mi in
length in a northeast-southwest orientation with the width at about 1 mi. The
field sits below small hills to the west-east-south that rise upwards from q00
to 980 ft.

The data gathered includes: temperature, dewpoint, pressure, winisneed and
wind direction.

The Regional Air Pollution Control Agency (RAPCA) data was obtained from the
top of the 13-story Montgomery County Administration Buildinq on West Third
Street in downtown Dayton. The building is relatively isolated from other
buildings and is within 200 ft of interstate highway 75. The building is
approximately 150 ft above the ground elevation (745 ft mon sea level
elevation) and the instruments for windspeed and wind direction are about 20
ft above the roof of the building (total elevation from mean sei level tn top
of instruments about 915 ft-estimated).

*J. Clemens, A. Perry, and S. Marcum, 198?, persona7 communiratinn

57



The only data available here is windspeel and wind !irection. It is
relatively complete considering the time covered, but th-'- are several days
in certain months missing, especially toward the end of Docember and the
beginning of January 1977.

The Montgomery County Air Pollution Control Agency (MCAPCAM data were obtained
from a trailer located in a school bus parking lot at Northridqe High School
on Timberland Road. The trailer sat down in a basin and was surrounded by
various buses, trucks, telephone poles, oil drums, and 6-ft fencing. One
hundred feet north of the trailer was a football field about 10 to 12 ft
higher than the spot where the trailer was located. At about 600 to 700 ft
west was the Northridge Middle School, an older building three stories in
height that was about 30 ft higher than the trailer's elevation. To the east
and northeast there were additional fields and buildings (150 to 300 ft
distant) that rose 5 to 15 ft above the trailer's elevation. The only
relatively open area was to the SW-S-SE. The elevation of the site is 83S ft
above mean sea level with the windspeed and wind direction instruments located
about 15 to 20 ft above the ground.

The Dayton Power and Light Monument office is located in an older building
about three stories in height on Monument Street in the northeastern portion
of downtown Dayton. The building is within 500 ft of the Mad River and sits
down below a hill immediately to the north of the building.

The data taken at the Monument Street location include: temperature, relative
humidity, and pressure recorded at 3-h intervals. This data is mostly
continuous although there are a few days missing from the record. It is more
complete than the RAPCA or MCAPCA data. The relative humidity instrument is
almost certainly questionable. Readings of 10 to 15 percent are very f-equent
in the summer months which are certainly low for this area.

The NWS rawinsonde balloon was launched from Taylorsville. The launch site
was about 10 mi north-northeast from the center of Dayton in a rural area.
The surrounding countryside is rolling. The balloons w-re launched twice
daily in conjunction with world-wide upper air launches at 0000 and 1200
Greenwich Meridian Time. Temperature and dewpoint wore ohserved at b)alloon
launch times. The rawinsonde data both in summarized and raw form are
available from the NCC in Asheville, North Carolina.

Because of its work with hazardous materials, the Mound Laboratories makes
continuous measurements of wind, temperature, and dewpoint. The lihordtory is
located on top of a large hill overlooking the Miami river. 'letiornloqical
measurements are made on a 120-ft tower that is mountod on top nf a 4-ft
building. Wind direction, tenerature, and dewpoint are measured at the 60 ft
level, while windspeed and temperature are measured at the 1?1-ft levol. The
data are available on strip charts from the laboratory.
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Dallas, Fort Worth, and Denton, Texas; and San Jose, California

Ludwig performed heat island studies at Dallas, Fort Worth, nd Denton, Texas;
and San Jose, California.5 2 ,5 3  The bulk of ohservations i- re performed in
Dallas. The studies were done in July and August, 1967. In general the data
is limited to automobile wet and dry bulb temperature traverses along two
perpendicular lines generally southwest to northeast and northwest to
southeast in each city. Additional data includes a hygrothermograph at Love
Field in Dallas, and hourly values of all the meteorological variables at
Greater Southwest International Airport, Meacham Airport, and Carswell Air
Force Base in Ft. Worth, Texas. Finally, a pyrheliograph was placed on the
terminal building at Love Field, Dallas, Texas.

Dr. Frank Ludwig
Stanford Research institute
Menlo Park, California
1-41 5-326-6200-X291 5

Denver, Colorado

A limited surface observation system of 20 wind and temperature stations
collected data for a total of 60 days during December 1964 to April 1965 and
during December 1965 to April 1966 in Denver.5 4  In conjunction some tetroon
data is also available. The data is not archived and land use classification
is likely difficult. In another observation program, special radiosonde
soundings were taken at noon near the center of Denver from 1971 to 1973.55

Freiburg, Germany

A limited amount of observational data has been obtained at Freiburq, latitud-
48'N and longitude 70 E.56  Data was obtained at two sites--one located at the
center of the city and the other 4 km away outside the city.

Surface measurements consisted of temperatures at a height of 7 m (windsppd
was not observed at the city center site). In addition, a tethered balloon

5 2 F. L. Ludwig, 1967, Urban Climatological studies Interim Rpport 1, Contract

OCD-PS-64-201 under work unit 1235A, Stanford Research Institute, Stanford, CA

5 3F. L. Ludwig and H. M. S. Kealoha, 1968, Urban Climatological Studies Final
Report, Contract OCD-DAAC-20-67-C-0136 under work unit 1235A, tanford
Research Institute, Stanford, CA

5,4H. Riehl and D. Herkhof, 1972, "Some Asoects of Denvwr Air Pollution
Meteorology," J Appl Meteorol, 11(7):1040-1047

5"P. L. Haagenson, 1978, "Meteorological and Climatological Factors Affectinq

Denver Air Quality," Atmos Environ, 13:79-85

56D. Ahrens, 1981, "Untersuchunqen uher die Warmeinsel and die

Mischungsschicht iner Groestadt," Arch Met Geoph Biokl, Ser. B, 2Q;?-36
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was used to determine vertical temperature gradient and miiinq depth. Global
radiation was also measured.

Apparently all data was recorded continuously except for ",at obtained from
the tethered balloon. The availability of this data is uncertain. There
should be little difficulty in categorizing the land use for the time that tho
observations were made.

Giessen, Federal Republic of Germany

Giessen is a rather small city of 75,000 with a metropolitan population of
100,000. It is located at 51'N and 9°E in quite hilly country. Data is
limited to six thermograph stations on thermograph charts in and near
Giessen.

5 7

Helsinki, Finland

Urban meteorological data for Helsinki appears limited to a mobile temperature
survey done on three frosty nights in February 1973.58 The prevailing weather
conditions favored a strong inversion so that the difference between the
highest and lowest temperature was 130 C.

Johnstown, Pennsylvania

Johnstown is an industrial town located in a narrow valley of the Alleqheny
plateau. From July 1964 through February 1966 a modest program of air quality
sampling and meteorological observations was carried out. A general time
frame of 2 mo periods, primarily during fall and winter, was selected for
intensive study.

59

Two 150-ft towers provided windspeed at 50, 100, and 150 ft levels usinq small
cup anemometers. Thermohms provided temperatures at 50 ft and 150 ft and
bivanes were installed at the 100-ft level. A smaller tower on a low plateau
was equipped with an aerovane at a height of 75 ft. An aerovane was also
operated by the Pennsylvania Electric Company. Other weather information was
available from the Johnstown airport located on a plateau 1000 ft above the
city and about 4 mi to the east. In the summer of 1966 a small wind vane was
operated in the valley of the Little Conemaugh River. Occasional smokf
experiments were also carried out.

The data obtained during this program may be available in reports from
Pennsylvania State University, which carried out an analysis of the observa-
tions.

57 R. Hermann and B. Meiser, 1973, "Untersuchungen uber die Zeitlihe und
Ramliche Aderung des Temperaturfeldes im Stadtgebiet von Giessen," -, Frdp.
3-4:226-246

5 ,P. Fogelberg et al, 1973, "Observation of the Temperature Climate of
Helsinki in Winter," Terra, 85:234-239
5 '"H. A. Panofsky and B. Prasad, 1967, "The Effect of Meteorolonical Factors on

Air Pollution in a Narrow Valley," J Appl Metporol, 6:493-4q
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Kansas City, Missouri; Topeka and Lawrence, Kansas

Data available for Kansas City, Topeka, and Lawrence appears limited to auto-
mobile traverse studies. Measurements of temperature and relative humidity
were made periodically from June 1971 to October 1972 in the early morning and
early afternoon hours.6 0 No vertical profile data is mentioned.

Koide, Japan

During the period of November 4 to 12, 1969, a number of auto traverses of the
Koide heat island were done. 6 1  A thermistor placed near the front bumper
yielded about 200 data points for each observation time. A large number of
maximum and minimum thermometers were also placed in various parts of Koide.

Vertical temperatures were registered continuously at 5, 35, 55, and 90 m from
recording electric psychrometers mounted on a microwave tower. The tower is
located on the edge of the built-up area.

Li ge, Belgium

Liege is a small to medium sized manufacturing city in eastern Belgium. The
city has a populatign of about 150,000 with a metropolitan population of about
450,000. While Liege is sufficiently far inland to rule out influences from
the seabreeze, it does lie in the Meuse river valley which is quite deep. The
altitude difference between valley floor and ridge top is about 200 m (660
ft).

During a 1962 study,6 2 temperatures were measured at the following fixed
points:

Sart-Tilman--forest south of Liege (250 m)
St. Paul--cemetery of city in valley (60 m)
Mousin--in valley northeast of city center (60 m)
Tilff--in a tributary valley (80 m)

J1 The temperature differences between these stations were classified according
to synoptic weather types.

The only long term wind observation was made at a height of 15 m at Mousin.
However, a special observation period with at least 8 anemographs located
throughout the urban area was done.

60J. R. Eagleman, 1974, "A Comparison of Urban Climate Modifications in Threp
Cities," Atmos Environ, 0:1131-1142
6 1T. Sekiguti, 1973, "Basin and City Climate Complex," Japanese Progress _in

Climatology, 3:14

6 2A. Hufty, 1973, "Types de Temps Synoptiques en Belgique et Climats Locaux a

Liege," Societe Belge d'Etudes Geog, Ghent, Memoir 23
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London, Engl and

The Central Electricity Research Laboratory (CERL) has wnd and temperature
recorded on a tower near the Thames river in east London.* Data were recorded
continuously from October 1964 through May 1966. Wind was measured at 129,
375, and 615 ft with temperature differences between three levels. 4t the
same time, tenperature gradients were recorded between 20 ft and 300 ft and
300 ft and 650 ft at Crystal Palace, which is located in southeastern
London. The above data together with winds estimated at 900 m from the
Crawley radiosonde are stored on IBM maqnetic tape (9 track, 1600 hoi!.
Average hourly wind profiles are also stored on tape.

Dr. D. J. Moore
Central Electricity Research Laboratories
Kelvin Avenue
Leatherhead, Surrey

KT22 7SE

Other London data** includes surface observations at five locations in
London. At three locations, the wind, humidity, cloud cover, and tenerature
were recorded on magnetic tape available from the Meteorological Office.
Hourly observations are available for periods ranging from 8 to 33 yr.
Additional wind data may be available from London-Blackwell, London-Whitehall
Gardens, and from the London General Post Office (GPO) tower. At the GPO wind
was measured at 195 m above the ground.

Los Angeles, California

Meteorological data in the Los Angeles area is collected primarily by the
South Coast Air Quality Management District. The South Coast Basin has nine
and one-half million people in an area of 6,580 mi?.

Hourly wind direction and windspeed are available for the Los Anqeles area for
several years. There are 35 wind reporting stations in the area with Bendix
aerovanes perched atop 30 ft towers. Some of this data is available on
magnetic tape from:

Jerry L. Arnold III
South Coast Air Quality Management District
Air Programs Division
9150 Flain Drive
El Marte, CA 91731
(213) 572-6364

*R. Pierce, 1982, personal communication

**S. F. G. Farmer, 1982, personal communication
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Data from 60 wind reporting stations in the Los Angeles irr, a was collected to
derive hourly wind flow patterns. 6 3  Two to twenty-four years of data was
available for the various stations. Solar radiation w-is ,herved at ten
locations in the area. The data is available in daily radi-tir, only from the
above address. Thirty-five stations report temperature for climatological
purposes but the reported temperatures are daily maxima and minima. Upper air
data for winds and inversions aloft are available on request from:

Arndt Lorenzen
Associate Meteorologist
Air Resources Board
1102 Q Street
Box 2815
Sacramento, California 95812
(916) 322-7454

The soundings are generally taken at 0400 local time. Also upper air data is
available from the NWS station at Los Angeles and other stations at Santa
Monica, El Monte, San Bernardino, Riverside, and Pt. Mugu. 6 '

At various times, upper air data was collected at 15 sites in the South Coast
Air Basin. In general the periods of data collecting, however, do not
overlap. All upper air data is available from either the NCC or the
California Air Resources Board.

In conjunction with the Los Angeles Reactive Pollutant Project (LARPP), triads
of tetroons were released simultaneously from the same point on the
ground.6 5  The tetroons were followed by helicopters which took air samples.
A total of 35 tetroon triads were released.

During the Three Dimensional Pollutant Gradient Study, vertical profiles of
temperature,66 relative humidity, and turbulence were measured. The measure-
ments were made from two aircraft performing spirals from the surface to the
top of the polluted layer at 17 locations. About 40 spirals were performed at
each location.

"R. W. Keith and B. Selik, 1977, "California South Coast Air Basin Hourly
Wind Flow Patterns," South Coast Air Quality Management District, El Marte, CA

6 "A. Lorentzen, 1979, "Summary of California Upper Air Meteoroloqical ata,"
State of California, Air Resources Board, Sacramento, CA

6 5 J. K. Angell, C. R. Dickson and W. H. Hoecker, Jr, Iq75, "Relative Diffusion

within the Los Angeles Basin as Estimated from Tetroon Triads," I App1
Meteorol, 14(M):1490-1498

6 bR. B. Husar et al, 1977, "Three-Dimensional Distribution of Air Pollutants

in the Los Angeles Basin," J Appl Meteorol, 16(10):1089-1096
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Mexico City, Mexico

Urban meteorology data for Mexico City seems to be limitrII to 30 climatolog-
ical stations within or near the city. - /  Continuous records of wind and
temperature are not available. In addition, several mobile traverses of the
city for revealing the magnitude of the heat island have been done.

Nagano, Japan

The heat island of Nagano was studied by Sekiguti from November 8 to November
13, 1972. Maximum and minimum temperatures were measured at 38 sites in
Nagano.

Oklahoma City, Oklahoma

Some limited balloon and tower data exist for Oklahoma City. Primarily obser-
vations are via tetroon balloons of which 56 overflew the city between Septem-
ber 25 and October 12, 1971.10 6 The tetroons were flown in three parts of
the day; 0900 to 1200 LST, 1200 to 1800 LST, and 1800 to 2100 LST.

Tetroon range, azimuth, and elevation angle was stored at 1-s intervals on
magnetic tape. Later it was averaged over 30-s intervals. On September 28,
29, and 30 there were releases of pilot balloons every 6 min over 2-h
observation periods.

In addition, tower winds at 355, 177, or 44 m are available. Temperatures and
winds at eight levels on the 444-m tower are available from the National
Severe Storms Laboratory. The tower is located just north of the city.

Paris, France

Paris is one of the largest and densest urban areas in the world. The 1975
population is estimated to have been 8,000,000 in an area of 1000 km2 .
Meteorological observations have been made in the city since 1683, however,
the number of stations is limited.6' There are two regularly reporting
stations in the urban area and seven in the surrounding countryside. Each
statioti measures wind direction, windspeed, temperature, relative humidity,
dewpoint temperature, and cloud cover. Solar radiation is measured hy one
station within Paris. Tower data is limited to isolated reports from the
Eiffel tower.

6 7E. Jauregui, 1973, "Urban Climate of Mexico City," Erdkunde, 27:2q8-307

10J. K. Angell et al, 1973, "Urban Influence on a Strong Daytime Plow as
Determined from Tetroon Flights," J Appl Meteorol, 12:924-936

68J. K. Angell and A. B. Bernstein, 1975, "Flow Across an Urban Area

Determined from Double-Theodolite Pilot Balloon Observations," Appl
Meteorol, 14:1072-1079

69J. Dettwiller, 1978, "L'evolution Seculaire de la Temperature a Paris," La
Meteorologie, Vie Serie No. 13:95-130
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Plymouth, England

Mobile transects of wind and temperatures were made in Plymouth twice daily
from March 12 to March 15, 1973.70 The transects were made it about 0700 and
1300 local time throughout the city and environs. The data is supplemented by
11 fixed stations in the area. No additional data to reveal vertical profiles
was taken.

Rome, Italy

Various urban meteorological data have been collected in and around
Rome.7 1 * There has been a station collecting meteorological data at the same
location since 1782. This observatory belongs to the "Ufficio Centrale di
Ecologia Agraria" of the Italian Agriculture Department. Only surface data
are available and include: windspeed and wind direction, relative humidity or
dew point, cloud cover, temperature, and precipitation.

On a 1977 program, an aircraft equipped with a psychrometric probe surveyed
the vertical extent of the urban heat island to an altitude of 500 m. In
conjunction pibals were released at three points around Rome.

In the city and its surrounding areas there are also many other stations that
collect surface data; they belong to a variety of services. A vertical sound-
ing is taken at Leonardo da Vinci airport, which is about 20 km away from the
center of the city.

In addition, meteorological surveys to characterize the urban heat island have
been done. Generally the duration of these surveys has been limited to a few
days.

San Francisco Bay Area

The Bay Area Air Quality Management District (BAAQMD) makes routine meteoro-
logical measurements at a large number of stations in the bay area. The data
collected includes windspeed and wind direction, solar insolation,
temperature, and cloud cover. Data collected from 1969 through March 198?
have been stored on magnetic tape. Unfortunately, relative humidity data is
only available in strip chart form.

Upper air data have been collected at 20 locations in the hay area over the
years. During October 1976, nine of these stations were in operation for one
day. Measurements appear to have been made in the late afternoon or early
afternoon hours. Various agencies have archived the data.

70 G. E. Millward and R. H. Motte, 1976, "Observations of the Plymouth
Temperature Field," Weather, 31:255-260

7 1M. Colacino, 1980, "Some Observations of the Urban Heat Island in Rome
During the Summer Season," 11 Nuovo Cimento, 3C(2):165-179

*M. Colacino, 1982, personal communication
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Stuttgart, Germany

Stuttgart is a city of approximately 600,000 people and is located in
southwestern Germany on the Neckar river valley, which is about 200 m deep.
Parts of outlying Stuttgart lie on relatively flatter ground away from the
city, while most of the central city is located in the valley or along the
valley walls.

Observations at Stuttgart consist of seven surface wind and temperature
stations whose locations incorporate the city terrain variations.*
Unfortunately, the stations are separately run by city, state, and federal
governmental agencies. Three stations are administered and archived by the
city, two by the state of Baden-Wurttemburg, and two by the Federal Republic
of Germany.

Tokyo, Japan

Various studies of the urban climate of Tokyo have been performed. Tsuchiya 72

observed the Tokyo surface temperature by airborne remote sensing on four
sunny summer afternoons. Quite remarkable variations were found.
Meteorological data from 12 stations around Tokyo were used to analyze the
urban climate and its changes in the past 50 to 60 yr. 7 3

Winds were measured on the 333-m Tokyo tower 7 4 in downtown Tokyo. Fast
response and slow response anemometers were located on the west side of the
tower at 26, 67, 107, 173, and 253 m. Fast response anemometers were located
on the east side of the tower at 26, 107, and 253 m; wind vanes we,- located
on the west side at 107 and 253 m; and on the east side at 26 m.

Toronto, Ontario

Toronto has a population of nearly 3,000,000 in an area of 2300 km . The city
is on Lake Ontario which considerably influences the climate. In addition,
the terrain rises steadily from the lakeshore northward so slope winds are
likely to be an additional influence.

*J. Keller, 1982, personal communication

71lwao Tsuchiya, 1974, "Some Features of the Urban Environment of Tokyo by
Remote Sensing of Ground Surface Temperature," Papers in- Meteo-rologyand
Geophsi cs, 25(3):147-158

131. Maejima et al, 1980, "Recent Climatic Change and Urban Growth in Tokyo
and its Environs," Essays in the Geography of Tokyo. Geoqraohical Reports of
Tokyo Metropolitan University, 14/15:27-48

74 H. Arakawa and K. Tsutsumi, 1967, "Strong Gusts in the Lowest ? 0 m Laypr
over the City of Tokyo," J Appl Meteorol, 6:848-851
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Studies of the Toronto urban effect have dealt with 7iiaxi-ii- )-)d min-%ium tef'-
peratures from cooperative observers and autnoobilie travo.-', if the Toronto
area. 7 S  The induced heat island mesocirc.,!ation wav ;,.',d th data
obtained from 13 anemometers located around n,.tropoiitI,-i n, at a 1 (1i
height.7 , The sources of data include Toronto area -inadli, wer situ 'r)
four Toronto towers are summarized below:

Name Height (ft) Site Anemometer 5a t, ' e .

CBC Tower 340 Urban BendiX-Crijz '9 1 ,

Met Research 635 Rural liendix-Friez ,
Station

Mimic 350 Suburban Bendix-Friez

Scarborough 550 Suburban Bendi -Frie ".

Generally each tower has two levels of wind and temoeratu-

there is the regular synoptic pilot balloon release at the 'orontn A,,rt.

Tsukuba, Japan

Routine hourly observations hdve been made at the hydrovt,,,r~i.:-
vation field at the University of Tsukuba since 117;. ne ,-p iv .,,
has a population of 133,721 within an area of 29,5?. hectares. .s .

tions were made on a large field with a meteorc'ogical '.owo.
mi ddl e.

Observations made at the 1.6, 12.3, and 29.5 m levels included windr-e., 1
wind direction, temperature, and dewpoints. The data is available on' .c tr-t,'
tape or computer tabs. Synoptic charts for the observation period ai i.
use maps for the area for 1970 and 1975 can be procured from the 'a'i .a,
Meteorological Agency.

The instruments include: sonic anemometer, thermometer, resistance thern",e
ter, dewpoint thermometer, heat flux plate, oDrheliometer, net ravi ome"t, '
(Middleton, Beckman), evaporat-on pan, weiqiinq ysirmeter, and raii .aun7.

'R. E. Munn, M. S. Hirt and R. F. Findlay. i 0 )qM,) )A mim rvy ', !,

the Jrban Temperature Anomaly in the Lakeshore !nvirr'w'l.. ,.
Meteorol, 8:411-422

1 B. F. Fi ndlay and M. S. Hi rt, 1960, "An ';rhan-,ndtjce '".
Atmos Environ, 3:537-54?

" Informatioi Pamphlet, 19q0, Environmental ,es, i ', ,

Tsukuba, 8, Japan



The observation field is circular with a radius of DO m ,ind is covered by 50
cm of tall grass. The tower is at the center of the t, -. The neighboring
area includes some buildings and forests which are about r tall.

Utrecht, The Netherlands

The urban climate of Utrecht was studied during December 'Of, and January an
February 1970.' 8 At that time, Utrecht had a population of 276,000 in an area

of 52 km2 , Utrecht is about 30 mi inland and should be larely inaffected hy

the sea breeze. The Netherlands is a very densely oopulatod country, so
isolation of Utrecht from nearby urban areas such as Amsterdam, Rotterdam,
s'bravehage (The Hague), Arnhem, and Haarlem is limited. On the other hand,
European cities do not have the urban sprawl that is common in the Jnited
States. Just outside the city limits in Eurooean cities one finds oistora1

scenes. The environs of Utrecht are extremely flat. The study of Utrecht
took 3 forms; auto traverses, rural-urban comparisons of temperature, and
vertical temperature profiles in the city.

Auto traverses were the main means of observation. Traverses becan at 7:3r'
Middle European Time (MET) when it was still dark in the etherlands and

lasted about 1-1/2 h. A second traverse was begun at 1300 MET. The
temperature equipment consisted of four thermocouples mounted on top of a VW
van at 0.5-m intervals. Readings were recorded on a "Servogor" strip chart
recorder.

The urban-rural temperature comparison consists of two thermographs, one urban
and one rural . The urban site was located in a garden in the city center.
The rural site was at the Royal Netherlands Meteoroloqical Institute (RNMI) 4
km from the city center. Hourly observations of temperature, wind, relative
humidity, and sunshine are available on punched cards From the RMN. There is
also the synoptic radiosonde balloon that yields a low altitude wind at
2)0 m. Finally, the 100 m dome on a cathedral in central Utrecht was
outfitted to show temperature profiles. The sensors were electrical
resistance therlometers with an accuracy of +0.l°C. Measurements were made on
only a few days.

Venice, Italy

WAind data at three locations around Venice was collected durinq ebruarv,
'March, and April 19 7 3 .1' Soectral analyses of both the wind Hata and su'fur
dioxide concentrations were done.

'AL. A. Conrad, IQ75, "Observations of Yeteoro)Iogical Urben Eff ncts. the onat

Island of Utrecht," PhD Thesis, University of Itrecht, thr, lftherlands

7 ' F. Mattioli , 1977, "Spectral Analysis of ind and SO,- concentration i r the

Venice Area," Atmos Environ, 11:113-12



Vienna, Austria

Vienna has a population of 900,000 in an area of 300 km. Its metropolitan
population is 1,600,000 in an area of 1000 km/. Location is 48'N and 16°E.
Vienna has made and archived surface meteorology measurements since 196R.8 0 A
total of 26 stations (16 urban and 10 rural or suburban) are included. Both
surface wind and temperature are measured at these stations. Temperatures are
recorded only 3 times a day and are archived on tables.

Or. R. Bohm
Zentralanstalt fur Meteorologie und Geodynamik
A-1190 Wien
Hohe Warte 38
Austria
011-43-222/36 44 53

Vertical temperatures were measured on two towers during the winter
months.8 - The one tower is the 252-m high Donauturm which is located near the
Danube river. Temperatures there were measured at 2, 35, 75, 112, 185, and
225 m above the ground. The 137-m Stephansturm is 4.8 km away. Teneratures
were measured at 5, 50, and 110 m above ground.

Washington, DC

A cooperative network of over 200 observers take tererature measurements once
daily in the Washington metropolitan area. The observations are taken at the
same time and are archived on cards.

Dr. Thomas Blackburn
United States Department of Commerce
National Oceanic and Atmospheric Administration
National Weather Service
Silver Spring, Maryland 2l910

Winnipeg, Manitoba

A 1-yr sample of wind (Bendix-Friez aerovanes) and temperature data at 11, 17,
37, 61, 122, 183, and 247 m is available from a 250-m tower. Thp tower is
located 20 mi west southwest of Winnipeg in a flat rural area.

Professor W. C. Bell
Department of Geography
The University of Winnipeg
Winnipeg, Manitoba

R3B 2E9

ROR. Bohm and K. Gabl, 1978, "Die Warmeinsel einer Gro stadt in Abhangigkeit
von Verschiedenen Meteorologischen Parametern," Arch -Met GeophBiokl, Ser. B,
26:219-237

<!A. Machaleck, 1974, "Das vertikale Temperaturprofil uber der Stadt Wien,"

Wetter und Leben, 26:87-93
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Cities With Limited Urban Data

Albuquerque, New Mexico Regina, Saskatchewan
Brisbane, Australia Saskatoon, Saskatchewan
Charlotte, North Carolina Seattle, Washington
Chattanooga, Tennessee South Bend, Indiana
Cleveland, Ohio Sydney, Nova Scotia
Duluth, Minnesota Tallahassee, Florida
Halifax, Nova Scotia Tampa, Florida
Miami, Florida Toledo, Ohio
Milwaukee, wisconsin Tucson, Arizona
Nashville, Tennessee Wichita, Kansas
Omaha, Nebraska York, Pennsylvania
Portland, ', aine

Albuquerque, New Mexico

Data collected by the local air pollution control division consists of wind
data at three sites. At one site, the data is recorded monthly on diskettes
for an IBM 5110 computer. Data is available from january 1981 to present. At
the other two sites, data is recorded on strip charts. In addition, there are
the regular NWS observations.

Brisbane, Australia

Daily data and/or monthly averages are available for Brisbane City (OQOD and
1500); Brisbane Airport (Eagle Farm - three hourly midnight to midniqht); and
Amberley Royal Australian Air Force .ase (three hourly, 0300 to ?00). Upper
wind data is available for Brisbane Airport at six hourly intervals; at )30,.
0900, 1500, and 2100; radiosonde data at Brisbane Airport is ivailable 0Q0O
only. For Brisbane City, three hourly data (midnight to midniqht) are
available from 1957 to October 1973; however, no coouter data tbe'ore !or 7 is
held. All above data are available on computer printout or malnetic tano.
Details of tapes:

9 channel, EBCDIC coding, 800 bits/in
or

7 channel, BCDIC coding, 555 bits/in, both R hits character.

Chattanooga, Tennessee

The only reliable data is taken by the NWS at Lovell Field. Other
meteorological stations have questionable rel-*ability due to sitinq,
calibration, or maintenance.

Cleveland, Ohio

Data for Cleveland appears limited to the NWS station at Cleveland Hopkins
International Airport. During the early to ,)md-l970s hourly wind data iron
one monitoring site was reduced and sent to the nhio EPA.

70



Duluth, Minnesota

Data are limited to the NWS station at Duluth :nternational irport.

Halifax-Darmouth and Sydney, Nova Scotia

Data for these two cities is limited primarily to climatological data avail-
able from Atmosphere Environment Canada on magnetic tape. Some data covering
short periods for vertical wind and temperature profiles have been acquired
using minisondes.

Mi ami, Fl ori da

Dade County only collects wind data. All other data is obtained from the NWS.

Milwaukee, Wisconsin

Data for Milwaukee is limited to three surface stations. At these stations
wind, temperature, and dewpoint are observed continuously. The data is
available as far back as 5 yr. The equipment specifications are listed below:

Windspeed Climet M/#Oll-23
Wind direction Climet M/#012-6C
Dewpoint Climet M/#0l5-12
Temperature Climet M/#015-3

The windspeed threshold is 1.25 mi/h with an accuracy of 0.25 mi/h. Wind
direction threshold is 1 mi/h with an accuracy of ±1 percent. Temperature
error is less than 0.0025 percent/F0 . No vertical profiles are available.

Portland, Maine

Meteorological data for Portland appears limited to continuously recorded wind
direction and windspeed at 50 ft above ground level at one site in a
residentil3 area. In addition there is the NWS station at the airport.

Regina and Saskatoon, Saskatchewan

The only data available for Regina and Saskatoon, Saskatchewan, is hourly data
taken at each cities' airport. Wind direction and windspeed at 10 m above
ground, temperature, dewpoint, and cloud cover are all available on magnetic
tape from Atmospheric Environment of Canada whose address is given elsewhere
in this report.

Seattle, Washington

The Puget Sound Air Pollution Control Agency makes wind measurements at five
locations in and near Seattle. The data are available on magnetic tape.

Tallahassee, Florida

The NWS collects data for Tallahassee airport at a location well outside the
city. The local Air and Water Pollution Control also collects wind data from
a single urban site.
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Tampa, Florida

For Tampa, Florida, with a population of 473,68J (1967) therp is summarized
data available for 1931 to 1967. The data consists only of daily measurements
of wind direction and windspeed at two locations, in addition to Pasquill
stability categories and mixing depths.

Iwan Choronenko
Environmental Engineer
Hillsborough County Environmental Protection Commission
1900 - 9th Avenue
Tampa, Florida 33605
1-81 3-272-5960

Toledo, Ohio

Data for Toledo is limited to a station collecting wind data continuously for
the Ohio EPA and the NWS station at Toledo-Express Airport.

York, Pennsylvania

York does not currently take meteorological measurements. Local data is
recorded by the York Water Company and submitted to the NWS. Measurements are
taken outside the urban area.

LAND USE CLASSIFICATION

Numerous studies have shown the meteorological conditions in an urban area are
considerably different from those in surrounding rural areas. Many of the
differences owe their existence to the variation of land use between urban and
rural areas. While the rural surface primarily consists of tree and grass
cover, the urban surface contains a mixture of buildings, pavement, qrass, and
trees. A useful goal is a land use classification based on the bcundary layer
effects of the urban surface.8

2

The various urban effects on the boundary layer can be considered due to the
roughness, radiation characteristics, and anthropomorphic heat generation of
the urban surface. Roughness depends upon buildinq heights, densities, and
ground cover. Radiation characteristics involve the surface heat emissivity,
absorptivity, heat capacity, and availability of moisture. Anthropomorphic
heat generation depends on the season and attendant weather conditions. The
most measurable of the above is roughness. Radiation characteristics will
vary from building to building and probably over individual hui'dings. At
this point, only a very coarse resolution of radiation characteristics can he
attempted. Anthropomorphic heat generation is certainty heyond the scope of
this work. Roughness thus seems the most approrpriatp consideration for land
use classification.

82A. H. Auer, Jr, 1978, "Correlation of Land Use and Cover with Meteornloqical

Anomalies," J ApplMeteorol, 17(5):636-643
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A usable urban land use Jlassification must attempt to resolve the variation
of urban land use under the constraint of available time and effort. Further-
more, the smallest scale of land use variation ouqht to be based on its effect
on the urban boundary layer. The boundary layer cannot respond to the small-
est scales of land use variation. For these reasons, a resolution of 100 m
was selected for areas near the core regions in both St. Louis and Uppsala.
For other areas, a resolution of 200 m was used.

There are several other important considerations for a land use classifica-
tion. The need to resolve different types of land use must be balanced by a
workable number of classifications. 8 3  From an original 21 land use classifi-
cations, 15 classifications were derived to adequately resolve the variation
of the urban surface. The various classifications are based primarily on
roughness height considerations such as trees versus grass, and buildinqs
versus pavement. Some radiation considerations such as parkinq lot or road
versus grass are also incorporated.

These considerations include whether or not buildings are present in urban
areas. If they are, what is their height and what percent of the area do they
cover? For rural areas the considerations include whether the land is open or
forested. Radiation considerations involve the predominating type of surface
in open land. The various surfaces include pavement, water, grass, or trees.

The derived classifications that are described in the next section are similar
to Auer's land use classifications. More importantly, since they are derived
from Ellefsen's work they are consistent with other Ary land use
classification schemes. This consistency will facilitate use of this scheme
and attendent microscale meteorology relations linking boundary layer wind and
temperature profiles to land use.

URBAN ZONE CLASSIFICATION

The rationale for classifying urban zones arose from consideration of their
function, location, measurable characteristics, and historical origin. As a
result several general groups of urban zones can be distinguished and they are
shown in table 6.

For each general group above, one or more classifications may apply. At
present, a total of 15 classifications are used. Originally there were 21
classifications, but some were combined as their meteorological effect was
deemed similar. At the same time two new classifications were necessary.

8 3R. Ellefsen et al, 1981, "Urban Terrain Analysis Training Aids," Technical
Memorandum 14-81, Final Report for Contract DAAKll-79-CO0085, IRASANA, White
Sands Missile Range, NM
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TABLE 6. URBAN ZONES

1. Commercial
(office, retail goods and services)

II. Administrative/Cultural

III. Residential

IV. Industrial/Storage

V. Non Built-upon

(parks, athletic fields, cemeteries, railroad yards, airport -unways)

Classifications A, B, C, and D of table 7 apply to the commercial area of the
city. A and B chiefly occur in the Central Business District (CBD) while C
may be in the CBD and beyond. Classification A includes the part of the CBD
with high rise buildings. In general, ten stories and above was the differ-
entiation between A and other classifications. Classification B also includes
the CBD with medium to high rise buildings of five to ten stories. Examples
are core and contiguous areas of commercial buildings and apartments. Classi-
fication C includes commercial and apartment buildings, 2,nd row housing.
Classification C buildings are less than five stories high. Classification D
has its roots in the recent development of satellite core areas away from the
080. A classification D area consists of buildings of ten or more stories.

Classification C*, E, and E* involve urban areas with low building density and
low to medium rise buildings. Classification C* is for areas which seem to
apply to both classification C or E. It was not intensively used. Classifi-
cation E includes a number of urban areas that have low density and low to
medium rise buildings. A number of urban areas apply such as colleges and
schools, stadiums, shopping malls, truck related industries, and parking
lots. In effect, E is distinguished on the basis of building density. Class-
ification E* includes core areas that have a very low building density without
parking lots. They are chiefly areas of urban renewal with ahandoned lots.

The residential group consists of three classifications; F, G, and H. (Classi-
fication F consists of planned unit developments such as apartments away from
the CBD. Classifications G and H involve residential housing. When the
distance between houses is less than or equal to the house widths, classifica-
tion G was assigned, and where the distance is larger, classification H was
assigned. SincP G classification housing appears to present favored avenue.,
to wind channeling, the orientation of the G housing in the four directions N,
NE, E, SE was given where possible. Only four directions are necessary since
the direction analogues S, SW, W, and NW are equivalent in wind channelinq
effect

The industrial classifications are 1, 11, and J. Classification :refer-, to
industrial storage in the form of ordered city blocks. An example is the
warehouse section of a city not associated with docks or not alio.ned along
rail lines. There is no preferred channeling of wind for classification 1.
Classification J includes industrial areas that have a preferred orientation
such as docks and railways associated structures. As for G, the orientation
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TABLE 7

LAND USE CLASSIFICATJ)%NS

Classification Description

A Central Business District (CBD), commercial
and apartments, high rise.

B CBD and contiquous, commercial and apartments,
medium to high rise.

C CBD and beyond commercial and apartments, row
housina, low to medium rise.

D Outlying office or apartment cluster, hiah
rise.

E Low density, low to medium rise, among parkina
lots and other nonbuilt-upon areas. Colleges
and schools, stadiums, shopping malls, tr~ick
related industries, and parkinq lots.

E* Low density areas without parking lots, areas
of urban renewal.

F Residential planned unit developments, apart-
ments.

G Residential housing with orientation ratio of
side to qap 1 or less.

GN North or south.

GNE Northeast cr southwest.

GE East or west.

GSE Southeast or northwest

H Detached houses, aap to front ratio greater
than 1.

I Industrial storage, ordered city blocks,
usually adjacent to CBD.

Ii Large industrial. plant coverino several acres.

J Industrial storane, rail and locks, linear
orientation, with orientation as for G.

K Nonbuilt-upon - grass dumps and junk yards.

L Nonhuilt-upon forest. Trees cover more than
50% of area.

M Water
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in the four directions is given. Some industrial tuildinqs are quite huge.
II refers to industrial buildings that c.v - srveral an. .ometimes many
blocks.

Nonbuilt-upon areas include grass, tree, and water areas. The respective
classifications are K, L, and M. Classificatinn K includes all nonhuilt-upon
areas in which grass is predominant as well as lumps and junk yards.
Classification L includes nonbuilt-upon areas in which trees predominate. The
cut-off for classification L versus K was on the hass of 50 percent or
greater coverage with trees. Finally, classification M includes all areas of
water such as lakes, larger rivers, and the ocean. The classifications and
their descriptions are summarized in table 7.

PROCEDURE

The land use classification of St. Louis and Uppsala proceeded generally in
three parts. The first part was the procurement of aerial survey photographs
and topographic maps for both cities. In the case of Uppsala, th' National
Land Survey of Sweden provided excellent aerial photos and maps. A number of
private and public concerns provided the St. Louis photos and maps; among
these were the St. Louis County Department of Planning and the city of St.
Louis Community Development Agency. Where possible photos on a s(,ale of I in
= 400 ft and maps on a 1:24,000 scale were obtained.

The second part involved examining the aerial survey photoqraphs and selectinq
the appropriate land use classification. In core commercial districts, the
examination considered land use on a 100-m scale; at such a scale virtually
all features were resolved. Away from core areas, the examination proceeded
on a 200 m scale.

In the final part, the selected classifications were entered on the topo-
graphic maps. For St. Louis, the letter codes were used. As the Upnsala
topographic map scale was less than that for St. Louis, a color coded clas'i-
fication scheme was used and entered on an overlay background.

Examples of Land Use Classification

The city of Uppsala, Sweden is a relatively small university town located
about 100 mi northwest of Stockholm. Most of the urban land use classi-
fications occur within Uppsala. In figure 6 the results of the land use
classification of Uppsala are shown. Apartment or row housina land use 4s

more prevalent in Uppsala than in St. Louis, while industrial land use is
considerably less. In addition there are no high rise huildinqs of any type
in Uppsala. Completely surrounding Uppsala is unbuilt-upon land consistinq of
fields and forests.

SELECTION OF UPPSALA AND ST. LOUIS

From the large number of observational programs, the RAPS in St. Louis and the
UU'MP in Uppsala were selected for incorporation to the urhan meteorology data
base. Both RAPS and UUMP satisfy all the criteria for selection. The
criteria include temporal and spatial coverage, amount of data, its
credibility, reliability, availability, and the land usaqe and terrain of the
studied city. Inclusion of data from additional urban observation proqrams
will be desirable in the future.
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Figure 6. Land use classification of Uppsala, Swedien.
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St. Louis is a good city to study the effect of the urban ',)usdary layer for
many reasons. St. Louis is intermediate in size between scialler urban areas
that produce an observable urban effect and huqe urban ar(a such as Tokyo.
As such, RAPS data would be representative of the bulk of urban areas in terms
of the urban effect on meteorological conditions. In addition, the work
necessary to process St. Louis is considerably less than what would be neces-
sary for New York or Tokyo. Finally, all the types of land use introduced
previously occur in St. Louis.

Another important reason for selecting St. Louis is its relatively simple

terrain. Because of this, meteorological diffprences in St. Louis between
rural and urban areas are mainly due to the urban effect. Identification of
distinct urban effects is thus facilitated. Finally, the 'Ietromex study that
was also done in St. Louis offers a good future means for comparing results
derived from analysis of RAPS data.

RAPS was primarily conducted and the data has largely been processed, docu-
mented, and archived by the EPA. The procurement of data can be greatly
expedited when dealing with only one agency, as is the case here with the
EPA. RAPS data is credible by virtue of reference and use in the
meteorological literature and extensive documentation, and is extensive
because of the number, type, and duration of observations. All the parameters
required for the urban data base were easured during RAP' and to a large
extent have been processed on magnetic tape. Finally, information concerninq
the land use in St. Louis is readily available.

Uppsala is also a good city for studying the urban effect. Rpcause it is
European, its land usage and consequently urban effect are somewhat different
from that of North American cities. Uppsala data will thus incorporate
variation not contained in the St. Louis data. While Uppsala is a small city.
it is still large enough to have an urban effect. Inclusion of data from a
small city further enhances the generality of the urban data base. in
addition, the terrain around Uppsala is essentially flat and the city lies
well away from the sea. As for St. Louis, the urban effect can be readily
discerned.

UUIMP was conducted solely by the University of Uppsala and the data are
archived at either that Uniyersity or at the Swedish Metoorcloqical and Hydrn-
logical Institute in Norrkoing. As contact with personnel familiar with J' MF
at both sites has been established, the procurement of TIJMP data is fea's-
ible. UUMP data are credible by virtue of reference in the literature and
very extensive documentation. All of the desired urban data base parameters
were extensively measured during ULUIP and some of the data has been
processed. Excellent information about the land use in Uppsala is also avail-
able.

The data from several other observation programs would he useful additions to
the urban data base in the future. The studies done for ?,alqary and dronton
Alberta, satisfy most of the urban data base requirements. The dat.a from both
studies has been declared available and considerable data processinq has been
done. While the NYAPP yielded extensive data that has been -tf-n),ivelY
processed, it might prove burdensome to attempt to deal with this auot of
data. Effects other than urban are important contributors tc' the
meteorological conditions in New York.
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There are several other creditable urban observation proirams that were done
for Columbus, Ohio; Ft. Wayne, Indiana; Las Veqas, Nevada: a)hannesburg, South
Africa; and Montreal, Quebec. Most of these prog-ams' ddt, ir. unprocessed,
and inclusion to the urban data base would constitute a very time-consuming
and expensive task.
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